Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



WilliEim Cotlina, Sons, & Co.'a Ednoational Wotks. 

COILINS' ELEMENTARY AND ADVANCED SCIENCE SERIES, 



ELEMENTARY SERIES. 

In F<Mp. Svo, fully IllmlraUd, chtk lettered, xn^e la. eath volume. 

1. PEACTICAL PLANE AND SOLID GEOMETRY. By H. 

Angel, lelinrkin Science School, London. 

2. MACHINE CONSTRUCTION AND DRAWING. By E. 

ToMKlua. VoL I. Text, VoL IL Plates. 
SiBUILDINGCONSTEUCTlON— Stone, Brick, audSlateWobk. 

By B, S. Burn, C.K Vol. I. Text. VoL U. Plates. 
-3b BUILDING CONSTRUCTION-Timbbh and Irok Work. By 

E.S. BuRN,C.E. Vol. L Text. Vol, IL Plates. 
4a naval ARCHITECTURE— LiYifo nrr. By S. J. V. Thkable. 

F.R.S,S,A., London. VoL 1. Tea. '«. VoL II. Plates, 2fl. 
4bNAVAL architecture- Wood akd Iron Shipbdilbino. 

By S. J. P. Theablb. Vol. L Text, la. VoL IL Plates, 23. 
-5. PURE MATHEMATICS. By L. Sebgeant, B. A, fCamb.). 

6. THEORETICAL MECHANICS. BvW.Kossiter, F.lt.A.& 

7. APPLIED MECHANICS. By W. aossiTKH, F.R-A.S. 

6. ACOUSTICS, LIGHT,_AND HEAT. By WiLLLAMLEea, A.M. 
ft MAGNETISM AND ELECTRICITY ByJoHNAsGELL, Senior 
Science Master. Grammar School, Manchester. 
30. INORGANIC CHEMISTRY. By Dr. W. B. Kemshbad, F.E.A.S. 



11. ORGANIC CHEMISTRY. By W. Maibhaij. Watts. D.Sc. 

aa GEOLOGY. By W. S. Davb, LL.D.. Derby. 

IS. MTNERALOOY. Bv J. H. Collins, F.G.S., Fahnoath. 



14. ANIMAL PHYSIOLOGY. By Jous Asoell, MancheBter. 

15. ZOOLOGY. By M. Haebi80N, Newtonarda. 

16. VEGETABLE ANATOMY AND PHYSIOLOGY. By J. H. 

_ Baltour. M.D.. Edmhurcli Univeraity. 

17. SYSTEMATICANDECINOMICBOTANY. ByProtBALFODB. 
ISaPEINCIPIES of mining-Coal. By J. a. Collihsl r.G.s. 
18b PRINCIPLES OF MINING— Iron. By J. H. Colliws. P.G.S. 

19. METALLURGY. By Johx Mayek, F.C.S., Glasgow. 

20. NAVIGATION. By Henrv Evrhs, LL.D., Plymouth. 

21. NAUTICAL ASTRONOMY. By Henry Evehs, LL.D. 
■22aSTEAM and the STEAM ENGINE-Lahb anb Maeinb. Ey 

H. Evehs. LL.D., Plymouth. 
■22BSTEAM ENGINE— Locomotive. ByH.EvEia, LL.D. 
23. PHYSICAL GEOGRAPHY. By John Mactork, F.E.G.S. 
■24. PRACTICAL CHEMISTRY. By John Howard, London. 
25. ASTRONOMY. By J. J, Plumber, Observatory, Durham. 
■26. MAUUAL OF QUALITATIVE CHEMICAL ANALYSIS. By 
F. BeilsItin. Translated by WiLLLua Eamsay, D.Na.So. 
Efefro Yoluma.P oet Svo, Cloth, It. ed. 



4 



Herrlot Hm Worka, Olassow. 



William Collins, Sons, & Co.'s Educational Works- 



ADVANCED SCIENCE SERIES, 

Adapted to the requirements of the South Kensington Syllabus, for Students 
in Science and Art Classes^ and Higher and Middle Class Schools, 

In th^ Press, and in Preparation, Post 8vo, fully Illustrated, cloth 

lettered, price 2s, 6d. each volume, 

1. PEACTICAL PLANE AND SOLID GEOMETRY. By Professor 

F. A. Bradley, London* 

2. MACHINE CONSTRUCTION AND DRAWING. By E. 

ToMKiNS, Liverpool. "Vol. I. Text, Vol II. Plates. 

3. BUILDING CONSTRUCTION. By R. S. Burn, C.E. 2 vols. 

4. NAVAL ARCHITECTURE— Laying Off and Shipbuilding. 

By S. J. R Thearle, F.R.S.N.A., London. Vol. I. Text. 
2s. 6d. Y6i, IL Plates, 6s. 

6. PURE MATHEMATICS. By E. Atkins, Leicester. 2 vols. 

6. THEORETICAL MECHANICS. By. P. Guthrie Tait, Professor 

of Natural Philosophy, Edinburgh. 

7. APPLIED MECHANICS. By Professor 0. Reynolds. 

8. ACOUSTICS, LIGHT, AND HEAT. By W. S. Davis. LL.D. 

9. MAGNETISM AND ELECTRICITY. By F. Guthrie, B.A., 

Ph.D., Royal School of Mines, London. 

10. INORGANIC CHEMISTRY. By T.E. Thorpe, Ph.D., F.R.S.E., 

Professor of Chemistry, Glasgow. 2 vols. 

11. ORGANIC CHEMISTRY. By James Dewae, F.R.S.E.,F.C.S., 

Iiecturer on Chemistry, Edinburgh. 

12. GEOLOGY. By John Young, M.D., Professor of Natural History, 

Glasgow University. 

13. MINERALOGY. By J. H. Collins, F.G.S., Falmouth. 

14. ANIMAL PHYSIOLOGY. By J. Cleland, M.D., F.R.S., 

Professor of Anatomy and Physiology, Galway. 

15. ZOOLOGY. By E. Ray Lankester, M.A. (Oxon.), London. 

16 VEGETABLE ANATOMY AND PHYSIOLOGY. By J. H. 
Balfour, M.D., Edinburgh University. 

17. SYSTEMATIC AND ECONOMIC BOTANY. By J.H. Balfour, 
M.D., Edinburgh University. 

19. METALLURGY. By W.H. Greenwood, A-E.S.M. 2 vcls. 

20. NAVIGATION. By Henry Evers, LL.D., Plymouth. 

21. NAUTICAL ASTRONOMY. By Henry Evers, LL.D. 

22. STEAM AND THE STEAM SNGTNE— Land. Marine, and 

Locomotive. By H. Evers, LL.D., Plymouth. 

23. PHYSICAL GEOGRAPHY. By John Young, M.D., Professor 

of Natural History, Glasgow University. 



London, Edinburgh^ and Herriot Hill Works, Glasgow. 






MAGNETISM AND ELECTBICITT 



ffirllitiB' SknuKtB!; Stiina Saiit. 



ELEMENTS 

or 

MAGNETISM, and ELECTRICITY. 



PRACTICAL IHSTRUGTIONS FOR THE PERFORMAHGE OF EXPERIMENTS, AND THE 
CDNSTRUCTIOH OF CHEAP APPARATUS. 



JOHN AKQELL, 



lait^ 120 lUnsiiationa. 



LONDON AND GLASGOW: 

WILLIAM COLLINS, SONS, & COMPANY. 

1875.' 

[411 rifhU rwntd) 



U^i . f ■ SI ■ 



PEEFACE. 



In this book the writer has made an earnest, and, he hopes, 
not altogether nnsnccessful attempt to comprise, within the 
smallest possible space, and yet so as not to promote the intel- 
lect-demoralizing process of "mere cram," at least so much 
of the sciences of Magnetism and Electricity as shall enable 
students, who may have used fair 
passin_ 




ERRATA. 



Page 54, line 9, /or «Cavoisier,» read "Lavoisier." 

„ 66, „ 10,/or«fig. 38," rea(i "fig. 39." 
„ oU, ^, 4, /or "teasel," reoc? "tassel." 



of Chemistry. 

The writer, in conclusion, desires to express his indebtedness 
to the courtesy of Professors Guthrie and Bariiett for their 
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PREFACE. 



In this book the writer has made an earnest, and, he hopes, 
not altogether nnsuccessful attempt to comprise, within the 
smallest possible space, and yet so as not to promote the intel- 
lect-demoralizing process of ''mere cram," at least so much 
of the sciences of Magnetism and Electricity as shall enable 
students, who may have used fair diligence in their studies, to 
pass in the first class in the elementary stage of the Government 
Science Examinations. And further, shall not only enable them, 
and such other students as may have favoured him with their 
attention to achieve this result, but shall also, by the course they 
will have pursued, have caused them to have acquired those 
valuable educational results which always follow the systematic 
practice of reason, and the cultivation of accurate and truthful 
observation. "With this view he has given far more attention to 
"theory" than will, for a book of its size, probably meet the 
approval of those who do not share his views. Not being able, 
within the space at his disposal, to treat all his subjects with 
equal fulness, he has, with the motive just stated, been induced 
to treat most fully the subjects of Magnetism and Frictional 
Electricity, the more especially as these subjects do not, as is 
the case with Voltaic Electricity, require a previous knowledge 
of Chemistry. 

The writer, in conclusion, desires to express his indebtedness 
to the courtesy of Professors Guthbie and Babbett for their 
kindness in supplying him with copies of the papers issued to 
the Science Teachers who attended tibe recent course of Practical 
Instruction in Physics at South Kensington. 

John Angell. 

NovefmheTf 1874, 
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MAGNETISM AND ELECTRICITY. 



CHAPTER L 

KATUBAL ICAGNETS OR LOADSTONE. 

L Early History of llagnetifliiL — ^Most educated people 
are now familiar with magnets and magnetism, through 
the medium of the schoolboy's magnet and the compass 
needle. Fabulous history attributes the discovery of 
magnetism to one Mctgnes, a Greek shepherd, who, watch- 
ing his sheep on Mount Ida, first observed the attraction 
of the loadstone rock on his crook. 

It is, however, more generally believed that the terms 
magnet and magnetism originated not in the name Magnes 
of its fabulous discoverer, but in that of Magnesia, a 
country in Lydia, where most probably it was first dis- 
covered. This theory is somewhat strengthened by the fact 
that the ancients frequently designated the magnet La^pis 
HeradeuSf Heraclea being the capital of Magnesia. It is 
certain that the natural magnet or loadstone was known 
to the ancients during times of most remote antiquity, 
and it is equally certain that their philosophers treated it 
in the fanciful way in which all matters of science were 
then treated. Homer, Pythagoras, Aristotle, Pliny, re- 
garded it as possessing miraculous qualities. Hippocrates 
treated it as a purgative. Thales and Anaxagoras 
r^arded it as having a soul. Chinese travellers used 
the loadstone needle to guide them by land a thousand 
years before Christ. It is also recorded that the Chinese 
discovered, 400 jears before Columbus, that the suspended 
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magnetic needle did not point true north and south. 
Columbus, menaced by his crew, alarmed, among other 
things, because the compass needle deviated veiy con- 
siderably from its ordinary beaitngs, to such an extent, 
in fact, as to ttiake them think that it yv^as losing its 
"mysterious virtues," and that they would be left helpless 
on the vast and trackless ocean without any guide, tried to 
explain to his men that the direction of the compass 
needle was really not to the polar star, but to some fixed 
and invisible point. Frode, an Icelandic historian (bom 
1068), shows that the directive power of the needle and 
its use in navigation, were known in the eleventh century. 
Guizot of Provins, in a poem written about the middle 
of the twelfth century, speaks of. the navigators saying 
" they possess a never-failing method by the virtue of the 
true maxini^re, an ugly and brown stone to which iron 
adheres of its own accord." He also says that the mode 
of using it consists in rubbing a needle on it (the 
marini^re), and that the point of the needle thus prepared 
" turns just against the pole-star in dark nights, when 
neither star nor moon are seen." Dr. Gilbert first applied 
the termj^o^ to the ends of the compass needle "because 
it points to the poles of the earth." Kobert Norman 
constructed the first dipping needle in 1576. Mitchell 
invented the Tcn'sicm^bcdance about 1750; by means of 
this instrument Coulomb afterwards worked out the 
fundamental laws of magnetism. Though the ancients 
were familiar with the attractive power of the magnet, 
there is no clear evidence that they had any knowledge 
of its repulsive power. 

2. The Science of Magnetism is the branch of physical 
science which treats of the nature and properties of 
magnets, natural or artificial, the various phenomena they 
exhibit, their action on each other and on external bodies 
or agents, the nature of the force by which these pheno- 
mena are produced, and the laws by which it is governed; 
it also treats of the magnetic phenomena exhibited by 
our own globe. 
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The science of magnetism also teaches the mode of 
eanstructing and using magnets and magnetic instnmients; 
the means bj which magnetic force is developed, and its 
relation to the chemical^ phTsical, and mechanical forces 
of the uniyerse. 

8. Magnetism. — ^The term magnetism is also used to 
designate the polar force by which magnets and iron 
reciprocally attract each other, and by which dissimilar 
ends* of magnets attract, but similar ends repel each 
other. 

The most general and familiar phenomena of magnetism 
are those of attra^ition and r^mlston, and its most familiar 
application that of the compass needle. Its modem ap- 
plication, however, in the form of the telegraph, and in the 
construction of various kinds of atUomatio apparatus, is 
now becoming almost universal. 

Magnets possess among other properties the power of 

1. Attraction and repulsion. 

2. ExcitinjB^ Magnetism, permanent or temporary. 

3. Producmg electric currents. 

4. Producing light, heat, and sound (probably as a consequence 

of the last). 

5. Acting on polarized light. 

4. The Correlation of Magnetism, Electricity, Heat, 
Light, and Mechanical Force may readily be proved by 
the following experiment : — Procure and connect together, 
by means of silk covered copper wire, and arrange as 
shown in fig. 1 the following apparatus : — 

1. A moderately powerful galvanic battery in action. 

2. Two pieces o£ pointed charcoal, i * 

3. A common iron poker, a key, and two or three iron 
nails. 

4. A vottametet, consisting of a glass vessel and two 
glass tubes charged with acidulated water: the glass tubes 
and vessel being suppHed with platinum wires and plates 
for transmitting the electric current through the liquid. 

Connect one piece of charcoal with the first copper 
plate of the battery^ and one platinum wire of the volta- 
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meler with the last sdne plate of the battery; connect 
the second platinum wire of the voltameter with the 
second piece oi pointed ekarcoal, having previously coiled 
the covered wire round the " poker," close by which a 
small key and two or three email trim nails have been 
placed. Having completed these arrangements, bring 
the charcoal points together; immediately this is done, 
the two points wilt become ititenBely luminous, shtnvig 
with great splendour, and evolving the most intense heat. 



Fig. 1. — Arrangement, comprising galvanic battery, insulated 

copper wiraa, voltameter, iron poker and key, and two char- 

coal pointa, for allowing the mutual eortverUhitily of chemical 

affimtj, electricity, magnetism, mechamcal lorce, light, and 

heat. 

the "poker" will immediately become a magnet, lifting or 

drawing, and thus commiinicating meehamical movement 

to the key and naiU, which move and become attached to 

the poker, while, lastly, the vjater in the voltameter will 

simfultamieously begin to bubble and decompose (chemically) 

into its constituent gases, oxygen and hydrogen, which 

collect in their respective tubes in the Toltameter. 

5. This experiment clearly shows that the electric 
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curreni origmating in the chemical action of the galvanic 
battery, and passing out at one end of the batterj/ through 
the toire, the acidulated water, round the poker and 
through the charcoal points, and back again to the other 
end (pole) of the battery, is capable of exciting the various 
forces of chemical affinity — ^magnetism, mechanical force, 
heat, and light. It also proves that they are either so 
many modificationa of the same force, or so many modes of 
motion produced by the same intrinsic force, or that 
if different forces they are most intimately/ related. 

6. A Magnet is a body consisting usually of iron 
or steel, which has the property of attracting iron and 
other m>affnetio bodies, and which also possesses a certain 
two-endedness (polarity), in consequence of which two 
similar ends (poles) of two magnets, if brought within the 
necessary distance, repelf and two dissimilcMr ends (poles) 
attract each other. Magnets are either natural or 
artificial, 

7. A Magnetic Body is a body, such as iron, 
which has the property of attracting and being attracted 
by both ends of a m^agnet, but which is not rolled by 
either end. The only magnetic bodies which possess 
decided magnetiG properties are iron (including steel) and 
some of its compounds, and, in a much lower degree, 
chromiimi, cobalt, nickel, and manganese. Magnetic 
bodies do not attrsict or repel each other. 

Experiment I. — ^Hold a piece of soft iron or steel, or some 
other substance, near lirst one end and then the other end of a 
compass needle. It attracts both ends of the needle. It is 
therefore a magnetic body. 

Experiment II. — Hold another piece of steel or a piece of soft 
iron surrounded by a coil of copper wire, through whidi a current 
of electricity is passing (the copper wire being covered with a 
layer of silk), first to one end of the compass needle, and then the 
other. In this case the body under examination wiU be aUrctcted 
by the one end and repeUed by the other. The body is therefore a 
magnet. The repulsive power of a magnet is therefore a better 
proof of its being a magnet than its attractive power. 

8. Natural Magnets: Loadstones. — Hitherto but 
one substance possessing the properties of a magnet 
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has been found in nature, that substance is a compound 
of iron, consisting of iron and oxygen, united in the 
proportion of three atoms of iron to four of oxygen, and 
is represented by chemists by the symbol Fe^ O4. This 
oxide has been variously termed Tnagnetio oxide, black 
oxide, and tri-ferric-tetra-oxide of iron. It is found 
largely in nature, forming a very pure ore of iron, from 
which the best iron is extracted. It exists abundantly 
in Sweden and Norway, where it forms entire mountains, 
and in some parts of America. Its colour varies from a 
reddish brown or black to a deep grey. It is about 4 J 
times as heavy as water. It crystallises in cubes, octohedra 
or dodecahedra. 

9. This oxide acquires its power as a magnet by the 
inductive action of the earth exercised upon it when lying 
in its natural bed as rock or vein. A very small poiiiion 
of this abundant oxide, however, possesses any marked 
power of attraction as a magnet, in general its powers in 
this respect being very feeble and almost inappreciable. 
Loadstones possessing any considerable degree of attrac- 
tive power are very rare; the smaller loadstones also in 
general possess in proportion to sisse much greater power 
than the larger ones. Natural m/ignets in their rude 
state are exceedingly inferior in power to artificial mag- 
nets; they are seldom foimd sufficiently powerful to raise 
their own weight. Occasionally, however, small native 
or natural magnets have been found with extraordinary 
attractive power. Sir Isaac Newton is said to have pos- 
sessed a small natu/ral magnet, weighing about three 
grains, which was set and mounted in a ring which he 
wore, which would lift about 250 times its own weight. 
A native magnet presented by the Emperor of China to 
King John V. of Portugal, which weighed 38 pounds., 
was capable of supporting about five times its own weight, 
or about 200 pounds. 

The effective power and usefulness of the natvA'al mug- 
net may be very greatly increased by a proper system of 
ffiountin^ with armatures (Art. 13). 
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Ufatural magnels of any size are rarely homogeneous or 
of vmiform structure or power throughout. It therefore 
ofl^a happens that a portion of a loadstone cut firom a 
larger one will support a greater -weight than the large 
one itseUL 

Loadstone possesses the remarkable power of communi- 
cating its own. properties permanently to hardened and 
tempered steel by the mere act of rubbing, and temporarily 
to so/t iron by contact or even mere proximity. 

10. Action of a Loadstone on Steel Filings. — 
ExPERiUEiiT. — Boll a piece of nalarcd magnet or load- 
stone in fine iron or steel filings, and then withdraw it 
from the mass of the filings. A considerable portion of 
the iron filings will now be found adhering to the load- 
stone, by far the greater portion of which will be collected 
about two opposite pointe, as shown in the diagram 
(fig. 2). These points, in 
wMch the magnetic force .< 
appears to concentrate, ^ 
are termed the poles of £ 
the loadstone, the line ^ 
joining the middle of the 
poles is termed the axis, 

and the middle line per- Fig.2.— ShowinglEONFiLraoaclnH- 
pendicular to the pti'i is tered about the polea of a natural 
termed the neutral line. magnet or loadstone. 
At the true neutral line no filings adhere, but the 
adherent filings increase in quantity as we approach the 
poles. Sometimes the loadstone has several poles; in 
no case are the polet of the natural loadstone so well 
defined as those of an artyicial magnet. In fact, all the 
properties of the magnet can be best demonstrated by 
means of art^icial magnets. Each particle of the iron 
filings itself becomes a magnet (temporarily), that is, so 
long as it is under the influence of the loadstone. This is 
better shown with larger masses of iron, as shown in the 
next paragraph. 

U- Action of a Loadstone oq Small UaBses of Iroq. — 



> ELECIBICITT. 



16 HAQNETiaU J 



ExpEEiUENT — Cut a piece of hadsUme into a bar, and 
either supporting is the hand or on a suitable atand, 
bring^rsF one light steel or iroa article, as a ring orneedle, 
into contact vith it, the needle or ring will adhere to 
Bome portion near the end of the loadstone ; next faring a 
second into contact vrith the last article, and another with 
it, and so on, they will adhere to each other and the 
magnet until their weight exceeds ihesortative force of the 
loadstone, each piece of iron not only itself becoming a 
magnet under the influence of the loadstone (that is by 
induction), but (»mmunicating its magnetic properties to 
the second, and so on. 

This experiment is, however, best performed with an 
artificial bar magnet, the whole series forming the mag- 
netic chain, as shown in fig. 3, 




Fig. 3, — mIonitic Ohaw, con- 
BiBtiiig of a bar macnet oud a 
series of pieces of soft iron 
adhering together, under the 
influence Ot magoetio indua- 

12. Action of One Loadstone on Another.— Expsbi* 

heht; — 1. Suspend a bar of loadstone, cat bo that its 
polee are at the end of the bar, by a fibre of silk tied 
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round the middle of the bar in such a way that it shall 
be suspended horizontally (as shown in fig. 4), with per- 
fect freedom of motion in every direction. 

2. Bring one end of second bar of loadstone, similarly 
cut, near one end of the suspended bar j it will be either 
attracted or repelled, 

3. Bring the other end of the second loadstone near the 
same end of the suspended bar, and the previous action 
will be reversed ; that is, if formerly attracted it will be 
now repelled^ and if formerly repeUed it will be now 
attract&d. 

4. Allow the suspended loadstone to take up its normal 
position yrhem freely suspended, it will point in the direc- 
tion of the magnetic meridian — ^that is, nea/rly north and 
south. Now place the second natural mugnet imme- 
diately below (as near as possible), and it will be found 
that the suspended loadstone will, whatever be its posi- 
tion, only come to rest when its north-seeking pole is over 
the sout/irseeking pole, and its south-seeking pole over the 
north-seeking pole, of the lower loadstone. 

13. Mode of Mounting Natural Magnets. — ^As previ- 
ously stated, the effective power and usefulness of load- 
stone is greatly increased by a proper system of mounting 
with amuitures. The following is the method adopted : — 

1. Find the poles of the mass of loadstone by means of 
iron filings, as described in Art. 10, taking care to select for 
mounting those masses which have two poles only, 

2. Grind ihe faces at the opposite ends of the mass of 
loadstone which contain the poles, flat and 
parallel by means of the lapidary's wheel, 
also trim the mass so as to make its other 
sides somewhat parallel for convenience in 
mounting. 

3. Make two armatures of the shape 
shown in ^g, 5 of pure soft iron, each 

armature to consist of a vertical face about ^^S' ^* ^^ 
J inch thick (or less if a small magnet) and g^f^ j^^^ ^. 
a projecting solid foot one inch thick, the matures. 
B 
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plates or armatureB to fit on to tbe polar Burfacea of the 
loadstone, aa shown in the diagram, 

i, Biad the tops of the aimatures together by a brass 
cap with ring for suapending the 
magnet by, and the lower parts of 
(he armaturca by a brass band pass- 
ing round them just above the pro- 
I jecting feet (see fig. 6). 

14. The Hagnet may be atrength- 

ened up to a certain point, or its 

power preserved by the addition of 

a soft iron bar, termed a keeper or 

lifter, which is usually supplied 

■with a hook or ring for supporting 

weights. It is said that if the 

keeper be gradually increased in 

■weight, by the slow and gradual 

addition of small weigbts, the jiorto- 

tive power of the magnet gradually 

PiS.6...MouNTEDLoAn- increaaea up to a certain point, be- 

BTOHE (nahiral mag- yond which it is not possible to 

net and keeper). ^ , raise it, but that if the keeper be 

S, North and aouth gmlijenly wrenched off it immedi- 

teat o£ annaturea, "ma gamed. 

n', ^, the same mag- 15. L&W Of Ila^etic AttiaC- 

netiam (by inrfuciion) tion and RepulBion. — J/a?ne(io 

"out' rzxi p"^ «/ 'A« *«™« ^^ '■^^^ *<«A 

atone. The enda of "'."«''■ Magnetic poles of opposiit 
the keeper of opjjo- Idnde altract each other. 
rife poke n" s' to This law applies to all fcinda of 
ut/ihy^indTia-^' magnets, naiitro^ and artificial, eleo- 

tro-magneta ucluded. 
The general lawa and phenomena of magnetism will be 

best discuaaed after the study of the construction, use, and 

properties of artificial magneta. 



CHAPTER II. 

ARTIFICIAL MAGNETS. 



18. Artificial Magnets. — ^When a piece of steel, which 
has been properly hardened and tempered, is rubbed with 
a piece of loadstone, or by any other mag- 
net, or when a current of electricity is 
passed round it by means of a coU of 
insulated wire, it becomes a more or less 
powerful magnet; such a magnet is 
teimed an artificial magnet. 

Artificial magnets are permanent or 
temporary according as they retain their 
magnetism or not, after being removed 
from the source by which they acquired it. 

The most usual form of artificial mag- 
nets is that of a bar or a horse-slioe. 
When single they are termed simple 
magnets, when consisting of several 
joined together, so that their similar 
poles are adjacent, they are termed com- 
jyound magnets; the latter are sometimes 
designated magnetic batteries, A mag- 
netic battery is, therefore, simply a 
bundle of magnets with their similar 
poles placed together (see ^. 7). 

17. A Bar Magnet is simply a bar of 
cast-iron or steel properly hardened, 
tempered, and magnetised. It possesses 
two poles, a m^agnetic axis, and a neutral 
line. If the bar is too hard, its mag- 
netism is weak, but is capable of being 
retained for a long time; on the con- 
trary, if it be' too soft (insufficiently 
hardened), it may be made much more 
powerfully magnetic at first, but it soon 
loses its power. 

In order to preserve the magnetic 




Fig. 7. -Compound 
OR Battery 
Horse - shob 
Magnet, with 
loaded keeper 
or Ufter, N, S, 
Korth and 

south - seeking 
poles of mag- 
netic battery. 
»/ «/ North 
and south poles 
(induced) of soft 
iron keeper, by 
the reaction of 
which the power 
of the magnet is 
preserved. 
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power of bar magnets when not in use, they are usually 
placed fiide by side, parallel to but not touching each 
other, and their ends joined by two movable pieces of 
soft iron, the keepers, as shown in fig. 8 (see Arts. 27 
and 29). 




Fig. 8. — Two Bau Magnets and Keepebs. N, S, North and 
south-seeking poles of magnets, n, 8, North and South poles 
(indticed) of soft iron keepers, which react upon and tend to 
preserve the magnetic polarity of the two bar magnets. 

18. Polarity. — ^The term polarity, which is of almost 
constant occurrence in all works on Electricity and 
Magnetism, does not admit of very easy definition. It 
was defined by Professor Whewell as, " opposite properties 
in opposite directions, so exactly equal as to be capable of 
neutralizing one another." It is sometimes popularly 
described as a certain kind of two-endedness. 

By Magnetic Polarity, as used by Faraday, is meant, 
^' opposite and antithetical actions which are manifested at 
opposite ends of a line of force. '* (See Arts. 43 to 45). 

19. Poles. — ^The poles of a magnet are the two points 
near the ends, at which the attra>ctive and repulsive powers 
of the magnet are apparently concentrated. These powers 
vary greatly in difiei^nt parts of the magnet, being greatest 
at its poles, and gradually falling in intensity towards the 
middle, where they totally disappear, 

SO. Consequent Points or Poles, or Consecutive 

Poles. — ^When a magnet is badly {irreavlarly) magnet- 
ised, it frequently contains three or more |x>les j that is, it 
possesses one or more poles besides those near its extremi- 
ties. The term consequent points is applied to designate 
these extra poles (see figs. 16 and 25). 

When a magnet iH>ssosses tliree or any odd number of 
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poles, the middle pole is opposite to that of the two ter- 
minal poles. When it contains an even mimber of poles 
(but m^ore than two) these poles are alternately Korth and 
South. 

21. Neutral Line, or Magnetic Equator. — Every 

regular magnet contains midway between its two poles a 
neutral line, to which iron filings will not adhere, and at 
which it exercises no visible magnetic force. 

22. Pure Soft Iron not Capable of Permanent Mag^ 
netization. 

Experiment I. — 1. Take a small piece of soft iron wire about 
two inches lon^; heat it to bright cherry recfne^^ in the fire or the 
flame of a spirit lamp ; sJlow it to cool slowly ; clean or brighten 
it np by rabbing with emery paper. 2. Now bring it near the 
^nds of a permanent magnet, talons care it does not touch the 
magnet, or place a piece of paper oetween it and the magnet ; 
then bring the needle into contact with the steel filings, which 
will now adhere, the iron wire having become a temporary magnet 
under the influence of induction. 3. Remove the wire from the 
vicinitv of the magnet, all the steel flings will now fall away 
from tne soft iron wire, it having ceased to be a magnet. 

Experiment n. — Rub the same wire with the magnet. Im- 
mediately it is removed from the magnet it loses its power of 
aUracting iron or steel filings, or of repeUing either end of a light 
magnet. 

23. Steel Capable of Permanent Magnetization. — 

Kepeat experiments I. and II. with a similar piece of steel 
wire, or a thick sewing needle, or a smaU magnet made of 
watch spring which has been heated as described in the last 
section. Effects similar to those in the last case will be 
produced to those, hut the steel needle or wire will now 
retain Sk/eeble magnetic attraction for the iron filings after 
the magnet has been removed. 

24. Effect of Hardening and Tempering on the Mag- 
netization of Steel. 

Experiment I. — ^Heat the needle or piece of watch spring to 
brieht redness, and immediately plunge into cold water ; it is now 
said to be Jmrdened, and will have become as brittle as glass. The 
steel needle or watch sprinc now becomes magnetised with much 
{[reater difficulty, and much more feebly, but retains its magnet* 
ism much more permanently. 
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ExPEBiMSNT II. — After hardening the needle as in the last 
experiment, carefully clean or brighten its surface with emery 
paper, and place it on a hot iron bar or poker ; it wUl first become 
slichtly yellow, then, passing through various shades of yellow, 
lignt-brown, brown, purple, etc., wiU at last become of a watch 
spring blue, immediately on passing into which it should be 
curopped into cold water; it has now oeen tempered, 

When thus hardened and tempered, the steel has lost its 
original brittleness, and acquired the properties of flexi- 
bility and elasticity, while retaining much of its newly- 
acquired hardness. Steel thus prepared has assumed the 
condition most suitable for the construction of good 
magnets. When carefully kept, such magnets retain 
their magnetism almost indefinitely. When prepared of 
hardened steel, they retain their magnetism even more 
permanently, but are much more feeble as magnets. When 
constructed of soft steel they are much more powerful at 
first but soon lose their magnetism. The student may 
readily prove these facts for himself as^ just shown (see 
Arts. 22, 23). 

The varied conditions of the steel, in relation to mag- 
netism, depend on altered conditions of its coercive fm'ce. 

25. Broken Magnets. — Harden (but not temper) apiece 
of watch spring as described in Art. 24. Magnetise the 
hardened watch spring by drawing one pole of a magnet 
along its surface from one end to the other several times 
in succession. One end will thus acquire north and the 
other south magnetism. Break the magnet thus pre- 
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Fig. 9. — N, S, North and south poles of entire magnet, n, s, 
North and south poles of smaller magnets^ into which the 
entire magnet is supposed to be broken. 

pared (an easy operation, because of its great brittleness) 
into several pieces. On testing these pieces with a sus* 
pended compass needle, each segment y/nh prove to be a 
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perfect magnet, having both a Tiarth and south pole, the 
two eostremities retaining theii* original polarity, as shown 
in the diagram, fig. 9. These effects will be produced 
altogether independently of the number or minuteness of 
the parts into which the magnet is broken. This would 
seem to show that each molecule of the broken mass 
permanently retains within itself its own original share 
of the magnetic fluids. 

26. Theories of Magnetism. — ^Two tlieories, or rather 

hi^poiheseSf are adopted for the explanation of tb.e various 
fkcts and phenomena of magnetism : — 

1. The two-fluid theory of Coulomb, which, from its simplicily 
and conyenience of application, is the one more genendly adopted. 

2. The electrical (Ampere's) theory, which isperhaps most com- 
patible with modem discovery (see Ampere's Theory of Molecular 
Currents). 

27. Two-fluid Theory of Magnetism.— This hypothesisy 

invented by Coulomb, supposes: (1) that the properties 
of a magnet are due to the action of two fluids, an au>stral 
and a boreal fluid, present in equal quantities in the 
magnet, each of which is self repellent, but which are 
mutuaUy attractive of each other; (2) that magnets are 
composed of an indefinite number of minute particles or 

w s 




Fig. 10. — Showing distribution of north and south magnetic fluids 
about, but inseparable from, molecules of magnets, n, s, A 
single molecule or particle of magnet. 

Ononis, each of which is a complete magnet; (3) that each 
Oitom of the magnet possesses an equal quantity of each 
of the m^netic fluids which, though capable of being 
sepawcted from each other, are incapable of being sepa^ 
rated or escaping from the atoms themselves; (4) that 
when the two fluids, the austral and the boreal, are com- 
binedy they neutralise each other, and are incapable, as in 
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the case of ordinary steel or iron, of giving rise to magnetto 
pola/i*ity;^ (6) that when these fluids a/re separated from each 
other (though still retained in, and ins^arable from, their 
respective attorns), they give rise to magnetic polarity, or, 
in other words, convert the body into a magnet; (6) that 
the act of magnetising such a body simply consists in the 
decomposing or separating (in each of its constituent moh- 
cvles or atoms) by external means, its neutral magnetic 
into its elementary austral and boreal fluids; (7) that by 
m/zgnetic saturation is simply meant the most complete 
permanent separation possible of these two fluids. 

These views are supported by the facts, (a) that when 
one body is magnetised or converted into a magnet by 
another, the m^fjwi"' :^ing body loses none of its magnetic 
po:''cr; (b) that into how many particles soever a magnet 
be broken, each part remains a complete, though of neces- 
sity a proportionately feebler magnet, 

28. The Theory of Two Fluids a mere Provisional 

Conception. — The student should, however, clearly imder- 
stand that these views are purely imaginary and pro- 
visional, partaking of the nature of a mental conception^ 
but not of a natural fact. And that their chief value 
arises from their giving a simple and rational, though not 
proved, explanation of important natural phenomena, at 
the same time that they tend to give unity to a group of 
natural facts, and assist in their more thorough investiga- 
tion. He should also know that, up to the present time, 
we have not one iota of proof of the existence of any 
^\ji<^ fluid as either of the assumed magnetic fluids. With 
these reservations, however, the student will find the 
language and views of this theory of the greatest use, 
not in accurately expressing, but in seeing into and 
classifying, the phenomena of magnetism. 

29. Theory of the Preservative Action of Arma- 
tures. — Armatures or keepers are pieces of soft trow jised 
to connect the opposite ends of magnets^ with the object 
of preserving their magnetic polarity. The north and 
south magnetic fluids (see Art, 27), upon the continued 
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separation of which the magnetic polarity of the bars 
depends, tend slowly (according to the degree of resistance 
offered by their coercive force) to reunite^ the bars slowly 
losing their polarity as the magnetic fluids recomMne. 

The keepers tend to prevent this recombination of the 
magnetic fluids, by themselves becoming magnets under 
the inductive influence of the bars, to the ends of which 
they are attached. The end of each keeper {s) adjacent 
to the north-seeking end of the bar becomes charged with 
south-seeking boreal magnetism (see Art. 27), and thus 
attracts the opposite magnetic fluid of the bar, and repels 
its own kind of magnetic fluid to the opposite end of the 
bar. The opposite ends (s) of the keepers, which are 
similarly acted upon by the inductive power of the bar 
magnets, also react in a similar manner upon the bars 
themselves, but with reversed poles. Their resultant action 
is thus the preservation of the power of the magnet during 
an almost indefinite period. (See Arts. 45 and 46.) 

80. Coercive Force. — ^It has already been shown (Arts. 
4 to 1 1) that a piece of pure soft iron immediately becomes 
ma^gnetised under the influence of another magnet, or of 
an electric cwrrent, but as quickly loses its magnetism on 
being removed from its influence; also, that a piece of 
steel prc^erly Jw/rdened and tempered, though it neither 
acquires magnetism so quickly, nor to the same degree, 
retains it much more permanently under similar circum- 
stances. The cause of this difference in their behaviour, 
under these similar external conditions, is ascribed to 
their respective degrees of coercive force. 

Coercive force may therefore be defined as that^brce, 
agency, or influence, by which in a particular body or 
substance the austral and boreal fluids resist separation, 
and by which, when separated, they resist recombination. 
It is absefiit or Y&rj feeble in soft iron, but YGtj powerful 
in hardened steeL (See Arts. 22, 23, 24.) 

81. Point of Satnration. — ^When a steel bar has been 
magnetised to the maximum intensity of magnetism it 
con permanently retain, it is said to be magnetised to 
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scUuration. Under the influence of powerful electro^ 
magnets, a steel bar may be magnetised far beyond satiir 
ration, but it will afterwards, even imder circumstances 
favourable to the retention of its magnetism, fall down to 
its point of saturation. 

82. Magnetization of Steel Bars. — Steel bars may 
be magnetised (1) by rubbing permanent magnets from 
end to end along their surfaces; (2) by passing voltaic 
currents round them transversely to their axes, by means 
of insulated coils of wire (see fig. 1); (3) by means of 
electro-magnets used in place of the permanent magnets 
used in process 1; (4) by the indv>ctive action of the 
earth's magnetism. 

Three methods of magnetization by the inductive action 
oi permanent magnets have been described. 

{a.) Method of 6in^2e toneh. 

(6.) Method of s^Mvate or divided touch. 

(c.) Method oi doubk touch, 

88. Method of Single Touch.— Take a powerful bar 
magnet, or still better, battery of bar magnets, and draw 

one end or pole of the mag- 
net from end to end along 
the bar to be magnetised, 
taking care aJtways to move 
[y the magnet in the eamA di- 

^ rection along the bar. The 
Fig. 11.— Showing Maonetiza- end or pole of the steel bar, 

ma^et is sucJ^wively draTO ma«net leaves the bar, will 
along the bar from n to «, always be of the opposite 
where it is made to leave the magnetism to that of the 
bar; « therefore becomes the magnetising magnet. That 
so^hrse^ng pole. j^^ \ t^liarit^ or wyrthr 

seeking end of the magnet be used, the end of the steel 

bar last touched bv it will be a south-seeking pole (see 

fig. 11). 

This method is only suitable for the magnetization of 

small bars or compass needles. 




IfETHOD OP DOUBLE TOUCU. 



27 



M. Method of Separate or Divided Touch (Dr. G. 

Knight's method improved by Duhamel).— 

1. Place the bar to be magnetised sol^at its ends shall 
rest on the opposite poles of two equally powerful bar 
magnets (see fig. 12). 




Kg. 12. — Showing Magnetization by Method op Separate or 

Divided Touch, 

2. Take two other powerful bar magnets, and placing 
their opposite poles at the middle of the bars to be mag- 
netised, so that the magnets themselves may make an 
angle of about 20° with the horizon. 

3. Draw them simuLta/rieously from the middle of the 
bar to its ends ten or twelve times, taking care each time 
the operation is repeated to raise the magnets from the 
bar while bringing them back to the middle of the bar. 

Care must also be taken that the poles of the mag- 
nets used for rulibing the bar must be svmHa/r to those 
placed below them and under the bar. This method 
probably makes the most regular magnets, there being in 
it, as compared with other methods, less tendency to the 
formation of consequent points. 

86. Method of Donble Tonch (Mitchell's method).— 
1. Place the supporting magnets beneath, and the rubbing 
magnets on the middle of the bar to be magnetised, as in 
the method of s&parate totich just described, but do not 
let the rubbing magnets make an angle of more than 15° 
with the horizon (see fig. 13). 

2. Place a small bit of wood or cork between the ends 
of the rubbing magnets, to keep their opposite poles per- 
manently at the same distcmce from each other. 

3. Move the magnets simuUcmeously backwards and 
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forwards along the entire length of the bar to be mag- 
netised, moving them 
J>i^'\ .^^^ alternately f first to the 

one, and then to the 
other end of the bar, 
and taking care to 

llillllls ^o^^ <^^em . ^ 7^^ 
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Fig. 13.-SH0wiNa Magnetization ''T^^f times along 
UY METHOD OF Dovbk TiMch, The ^axjh half or end, and 
horizontal bar is supposed to rest to termvruite the rub- 
on the poles of two powerful mag- bing at the middle of 
nets, as in fig. 12. ^^ ^^^ 

This method produces the most powerful magnets, 
although it also tends to produce consequent points. 

In each of these cases, battery magnets may be substi- 
tuted, with advantage, for simple bar magnets. 

88. Magnetization by the Electric Current. — ^Make a 
right-handed coil of insulated copper wire, as in figs. 1 and 
14; place the steel bar or needle to be magnetised in its 
interior, either with or without the aid of a glass tube; 
connect the ends of the helix or coil respectively with the 
positive and negative poles of a voltaic battery at work. 




Fig. 14.— Dextroesal (right-handed) Helix. 




Fig. 15. — SiNiSTRORSAL (left-handed) Helix. 

Immediately this connection is made, an electric current 
will be established in the wire, and the needle or bar will 
become m>agnetised, its north-seeking end being situated 
at the end of the coil at which the current o£ positive elec- 
tricity leaves the coil, that is, at the end of the coil which 
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is connected with the zinc plate of the battery. If a Iqft- 
hamded coil (fig. 15) be used, the noi'thrseeking end of the 
bar will be found at the opposite end of the coil, or that 
which is connected with the copper or platinum plate of 
the battery. 




S^ ^ ~ ~ N 
Fig. 16. — Mixed Hsux, arranged for consequent points. 

37. The following method of magnetization by means 
of the electric current, first adopted by Arago and Am- 
pere, is frequently employed by makers of magnets : — 

Bend a few feet of the in- 
sulated copper wire, through 
which a modei'ately power- 1 
ful voltaic current is pass- 
ing, into a short coil, into 
the Interior of which place 
the bar or horse-shoe to be 
magnetised, and move the 
coil along from one end to I 
the other, as shown in ^g, 
17, always recommencing at 
the same end of the bar. 

38. Magnetization by Fig. 17.— Method of Maonet- 

Bleotro - Hagnets. — Mag- ^^^ ^^ ^ zlecirio Cua- 

nets are now very generally 

prepared by means of electro-magnets, the power of the 
latter greatly exceeding that of ordinary magnets. An 
electro-magnet is simply a bar or horse-shoe-shaped piece 
of soft iron, round which a current of electricity is 
passed by means of a coil of insulated copper wire. 

The following is the method of magnetization by means 
of electro-magnets generally adopted by makers of mag- 
nets : — ^The steel bar to be magnetised is carefully and 
fegulaHy drawn from end to md alternately, first over 
one poUj and then hack again in the opposite direction 
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over the second pole of an electru-magnet fixed in a piece 
of board, as Bhown in fig. 18. Each pole of the electro- 
magnet in this case develops the opponte magnetism to 
its own, at the end of the bar at which ite atrote ceases. 



Fig. 18.— Method of MAOKmziTioiiBY AnELECTno-UiOKET. 

89. Strokes in opposite directions over the two dis- 
simila/r poles of the electro-magnet thus tend to develop 
similar magnetism in the bar, or, in other words, to mag- 
netise the bar in the same vraj. 

When, however, a very powerful magnet has to be pre- 
pared, the force required to move it along the pole of the 
electro-magnet becomes inconTeniently great, and the 
appearance of the bar becomes spoiled by scratching. In 
such cases makers now usually employ Arago and Am- 
pere's method of magnetising by means of the electric 
current, described in Art. 37. 

40. Uagnetization by the ludnctive Action of the 
Eflrth. — Suspend the bar to be magnetised in magnetic 
meridian, that is, so that it shcdl point in the dii'cction, 
nearly north and south, of the compass needle, and also 
in the line of dip (about 70° with the horizon). If the 
suspended bar he of eo/t iron, and steel filings be brought 
into contact with it, they will be immediately attracted, 
and will adhere. If, however, the bar be of hardened 
steel, its magnetism will require a few minutes to arrive 
fit ite mrminum intensity of magnetism, because of it? 
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coercive forces causing it for a short time to resist magnet- 
ization. If the suspended bar be struck smartly several 
times in rapid succession, the process of magnetization is 
quickened, and the magnetism rendered more permanent. 

41. If. the bar, being of soft iron, be twisted or bent 
while in its state of temporary magnetism, it tends to re- 
tain a portion of its magnetism, thus becoming a weak 
permanent magnet. 

The moffnetization here described is brought about by 
the inductive action of the earth, which is, therefore, 
practically a magnet 

42. Magnetic Field. — ^The term magnetic field was 
used by Faraday to designate the entire region or space 
through which the magnetic force acts or is diffused. 

43. Lines of Magnetic Force. — 

ExFEBiMSNT. — ^Place a flat sheet of stiff cartridge paper, or a 
plate of clfus, immediately over a ma^et, so as to be as nearly 
as possible in contact with it; if glass, it may rest upon the mag- 
net ; scatter iron filings, by means of a sieve, over the surface of 
the paper or glass, then gently tap the same; the iron filing will 
arrange thenuelves in certain symmetrical and well-defined Unea 
or curves, designated by Faraday, Unea of force. 

The iron filings attach themselves end to end in their 
longest dimen^dona, that is, lengthwise along these lines. 

K a small, but freely suspended magnetic needle, be 
brought near the magnet, it will set itself along these 
lines offeree. 

The general character of these curves or lines of mag- 
netic force varies with the action of magnets on each 
other. The following figures show the lines of force, in- 
dicated by the arrangement of iron filings; — 

il.) About a single bar magnet. 
2. ) About two parallel bar magnets, with their dMsimilar poles 
adjacent. 

(3.) About two parallel bar magnets, with their similar poles 
adjacent. 

(4.) About two bar magnets, with ctoimilar poles placed e/nd 
toend. 
(5 .) About two bar magnets, with similar poles placed end to end^ 
(6.) About a horse-shoe magnet t 
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Fig. 19.— Iron Filings about Bab Maobw, BhowW fine* oj 
ma^ielicfmve, n, *, North and South. Ftdea; a, b, neatral 
line or Mimetic Equator. 



Fie. 20.— Iron Fiinios, showing litiet of force about two parallel 
Bar Magnets, with their contrary poles adjacent. 



■o paraUel Bw Magnets, with their stmifor poles adjacent. 
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Hg. 24.— Bab MAOHn', with Iron Fiuxgs abont conttqiteat 
poinie. X, y, North and South I'olca ; x', v', consequent 
points. Tho dotted ttraighl lines show neutrd lines or Afag- 

nelie MjutUort. 
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^. K. — Ibo:< Filikgs, showing liitet of force about the two 
poles of s Hoiss-ahoe Magnet 

44*. Faraday defined a line of tnaffnetie force to be 
" tliat line 'which a reiy small needle describes when it 
is BO moved in any direction correspondent to its length, 
that tbe needle is constantly a langetU to the Une <if 
motMn;"-~-m as "tihat line along vhich, if a transversa 
wire be moved in either direction, there is no tendency 
towards the formation of any current in the wire, whilst 
if moved in any other direction there ta Bach tendency." 
The direction of these lines about and between otdinary 
magnets is easily represented, in a general manner, by 
the use of ironfilingg. 

40. Ifagnetis Induction is the separation of the mag- 
netic flnid 'Cfhich takes place when a piece of iron or stoel 
b brought within a magnetic field; or, in other words, 
is the conversion of an ordinary piece of iron or steel into 
a magnet by ite being brought into contact, or even into 
nearness or proximity, to a magnet. The nearer sach 
mass of iron is brought to the magnet, the more powerfiil 
is the magnetism, or rather the magnetic polarity, indocad. 
(See Arts. 11, 17, 29, and 40). 
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If a piece of iron, not in contact with the magnet, be 
magnetised by induction, the end nearer the pole of the in- 
dumng magnet will be of the opposite polarity to that of the 
magnet, while the end more remote from the magnet will be 
of similar polarity to that of the nearer pole of the magnet. 



Fig. 26. — Showino Magsetic Injjuctiok. N, S, North and 

Soath FoUb of a Bar Magnet, n, a, North and Boutb Poles 

of & piece of ioft iron magnetised induetivety (at a distance) 

by the permanent bar magnet. The magrutieed state of the 

soft iron bar is Bhown by the adhesion of the iron filings. 

If the mass of iron be in contact with the inducing bar 

magnet.itwill practically become part of the magnet, simply 

extending its length, and its farther end being of the same 

polarity aa that end of the magnet to which it is joined. 

Magnetia induction not only takes place through in- 
tervala of air, but is also exert«d through plates of glass, 
wood, cardboard, and other solid bodies of some thickness. 
46. Uagnetio Indnotion always ^ves rise to Bepul- 
Bion as well as Attraction. — When a magnet b brought 
near a piece of freely suspended soft iron it invariably 
attracts it, that is, the mass of iron moves towards the 
magnet; but the iron b also r^eUed, though the revision 
is in this case concealed or marked by the greats force 
kX attraction. 

This phenomenon arises from the operation of the law, 
that the force of attraction and repulsion vary inversely aa 
the aqua/res of t^e distances. Thus, if the marX^ end of a 
magnet be brought to a distance of a quarter of an inch 
from a soft iron ball one inch in diameter, it will, by in- 
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diidiony separate its magnetic flnids, the boreal fluid 
being ctUracted to the nearer side of the iron ball, that is, 
to the side nearer the magnet; and the austral fluid being 
repelled to the farther side of the iron balL But the 
particles of the iron ball nearest the magnet are only 
\ inch distant, while those most remote on the farther 
side of the ball are |- inch distant, from the magnet; there- 
fore the force of attraction will be to that of repulsion 
in this case (so far as these particles are concerned) as 
6*is to 1*; or, in other words, the force of attraction 
will be twentj-flve times as ffreat as that of repulsion. 

The resultant attraction of the iron ball by the magnet 
is thus the difference between the forces of attraction and 
repulsion actually at work. 

47. Aetion of a Bar Magnet on a series of Clompass 
Needles, or Small Magnets suspended immediately 

above it. — When a series of small magnets are freely 
suspended above a large bar magnet, as ts^own in fig. 27, 
they assume the respective positions therein indicated. 
The etispended magnets near the poles of the larger mag- 
net dip almost perpendicularly, so that the north pole of 
the smaller magnet at the one end dips to the south pole 
of the attracting magnet, and the south pole of the mag- 
net suspended at the opposite end of the bar dips to its 
north pole. 
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Fig. 27. — Showing action of Powerful Bar Magnet on a series 
of Small Magnets suspended by threads. N, S, and n, «, 
North and South Poles. A, Neutral line or Magnetic Equator. 

The magnet suspended over the middle of the large 
magnet, being acted on e(]^ually at its opposite end by 
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equal forces of attraction and repulsion, comes to rest in 
a position oipa/raUelism to the bar. 

48. Action of Magnets on each other. — Case 1. If two 

bar magnets be placed side by side, so that the north pole 
of the one shall lie on the nortk^olQ of the other, also the 
south pole of the one on the south pole of the other, their 
portative and attractive powers will be increased, that is, 
they will support a greater weight, and attract with 
greater force; but their combined portative and attractive 
powers will be much less than the sum of their powers 
when acting separately. Thus two magnets, each of 
which separately is capable of supporting a weight of six 
pounds, will, when combined, possibly not be able to sup- 
port a weight of more than, say, eight pounds. 

But though magnets thus placed acquire jointly an in- 
creased attractive power, they, by induction, tend to 
injure each other by mutually weakening each other's 
magnetism. Thus the north pole of the one tends to 
induce the south pole in place of the north pole of the 
adjacent magnet. Where the north pole of the adjacent 
magnet is much weaker than its neighbour, the latter 
north pole may overpower the former, and actually con- 
vert, by induction, the weaker n,orth into a south pole. 

The poh/rity of a more powerful magnet may thus 
overpower and reverse the polarity of a weaker magnet. 




Fig. 28. — Showing the mutual action of two dt«-similar poles in 
lessening the Portative and Attractivx powers of magnets. 

49. Case 2. If the two bar magnets be pla<;ed side by 
side, as in the last case, but with their poles reversed, so 



38 HAGN£TIS3f AND ELECTRICITY. 

that tlie north pole of the one magnet shall lie on the 
south pole of the other, also the south pole of the former 
on the Tiorth pole of the latter, as in fig. 28, their joint 
portative and attractive powers may be so greatly reduced 
as almost to disappear. But though their joint portative 
power is thus so greatly reduced, they, by induction, tend 
to strengthen each other, since each pole in the one mag- 
net tends to indiuse its opposite polarity in its neighbour. 

Experiment.— Take a bar magnet and suspend from its farther 
end a &mall key or piece of soft iron; then gradually slide on to 
it (as shown in fig. 28) a second bar magnet, of the same size and 
power of the first, but with its poles reversed. As the end of the 
second magnet approaches the opposite pole of the first, the at- 
traction of the latter for the key will be gradually weakened, 
until the key falls off as though the magnet had lost its power. 
On removing the upper magnet the portative power of the lower 
one will be immediately restored. '^.- .^. . 

50. The Attractive and Bepnlsive Powers of the 
Poles are the Resultants of the Attractive and Bepul- 
sive Powers of the Molecules of the Magnet. — ^The 
magnetic forces of the magnet do not, as apparently seems 
the case, reside in the poles, but are disseminated through 
the entire magnet, being inseparable from its constituent 
molecules. This apparent contradiction is explained by 
the following diagram : — Let A'A, BB', fig. 29, represent 



Fig. 29. — Showing an Imaoinart Line of Moleottles in a 
Magnet. A, B, The north and south magnetic fluids of 
adjacent molecules, which tend to neutralise each other. 
A', B', The north and south magnetic fluids of the terminal 
molecules which manifest polarity, 

a single row of the constituent molecules of a magnet. It 
will be seen that the opposite but adjacent magnetic fluids 
tend to neutralise each other's influence through the general 
fivass of the magnet. This action, however, cannot apply 
to the terminal molecules, whose respective fluids cannot 
BO neutralise each other, and which therefore manifest 
their respective polarities. 
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The polarity of a magnet as a whole, that is, the exist- 
ence of the pohSy or the apparent accumulation of mag- 
netic forces or fluids near the ends of the magnet, is thus 
the reavUomt of the action of the magnetic fluids of its 
constituent molecules. 

SI. Heasnreinent of Magnetic Force. — ^The relative 

strength of two or more magnets may be determined by 
the following method: — 

1. By determining their relative portative power; that ia, by de- 
termining the weight which one magnet will sustain, as compared 
with its weight, in comparison with the weight which a second or 
standard magnet will support, as comptured with its weight. 

2. B^ the method of oscillation, A compass needle is really a 
magneuc pendulum, which, when disturbed, oscillates before 
agam commg to rest, under the influence of nuu^netic force ; the 
l^reater the magnetic force, the greater the number of oscillations 
it performs in a given time. After deducting the effect of the 
earth's magnetism, the relative intensity of the powers of two 
magnets is as squarea of the nwmbera of the vibrations performed 
by a compass needle, respectively under the influence of the two 
magnets, during a given time. 

The student ma^ readily convince himself of the general truth of 
the principle of tms method by bringing a bar magnet near a com- 
pass needle in a stateof oscillation. . The nearer he bringsthemagnet 
to the needle, the more quickly it will oscillate; and, vice versd, 
the farther he removes it, the more slowly the needle will move. 

3. By determining the angles to which a given ma^etised needle 
18 repelled by the magnets to be compared. This operation is 
generally performed oy means of an instrument termed the 
torsion balance (see Torsion Electrometer). 



CHAPTER III. 

TERRESTBIAL MAQNETISAT. 



62. The Earth Practically a Magnet.— The earth 
behaves very much as though it were a magnet, or rather 
as though it were a spheroidal mass having a compara- 
tively short but powerful bar niagnet lying aadaUy in the 
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direction of its mtignetic poles, the ausfral magnetism of 
the bar predominating in the southern hemisphere, and ite 
boTtoi magnetism predominating in the nOTtham hemi- 
sphere. Such a magnet vould make an angle of about 
20° with the terrestrial axis, that is, the earth's ams of 
rotation. The general magnetic pJienomena of the earth 
may be approximately imitated by means of a woodea 
globe oontaimng a bo/r magnet mounted in the direction 
of its aaia, its north^eeHng or Tnarhed pole corresponding 
with the aouih magnetic pole of the earth, and its aouthr 
seddng with the varth magnetic terrestrial pole. 



Fig. 30. — Woonair Gi*bb with Bar Magnet (dotted linea) in 
interior, and compass needle snBpended by thread btsta 
above, a. Dip in England; b, nodipaX magnetio equator; 
c, dip at north magnatio pole. 
Let abc, fig. 30, represent a wooden globe, say twelve 
inches in diameter, having such a magnet in its interior, 
mouflted axiaUy, as just described. 

Ekfesiuent I. — Over snch a globe suspend a small magnetio 
(compass) needle by means of a thread, so that it may be sapported 
immadiataly over the globe in. mieh a poaition thit its two ends 
shall be eqoally distant from the two oppoaite poles of the internal 
bar magnet. The compass neodio will now assume a lioriamtal 

EositioB, or position of no dip (as shown by b), imitating the 
eliaviour of the ordinary compass needle at wie earth's magnetic 
equator, or line of no dip. 

ExPEBiUENi U. — Hold ench suspended compass needle over 
the globe, as shown in fig. a, so that it shall be supported over n 
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position on the wooden globe corresponding to the position which 
London occupies on the earth's snrface. The north-seeking end of 
the compass needle will now dip as in London. 

Experiment IIL — Hold snch compass needle over a point in 
the surface of the wooden globe corresponding with that of the 
earth's north magnetic pole, as shown in fi^. c. The needle will 
now dip vertically, its north-seeking end pomting downwards. 

If these experiments be repeated with the opposite 
side of the wooden globe — ^viz., that which contains the 
nortJiraeehing pole, and on which the austral magnetism 
predominates, similar effects will be produced, but the 
direction of the needle will be reversed; that is, its south- 
seeking end will now be attracted towards the globe, and 
therefore point downwards. (See also Art. on Amp^rian 
currents.) 

63. Magnetic Elements. — A knowledge of terrestrial 
magnetism implies a knowledge of — (1) Declination (see 
Art 54); (2) Inclination 
(see Art. 67); (3) Intensity/ 
(see Art. 71). These are 
therefore described as the 
territorial magnetic elements, 
or, more briefly, the m>agnetic 
elements of the place at whicli 
they are observed. 

^ M. Magnetic Deolina- 
tion,nauti^tll7 tormedVaria- 
tion, is the horizontal angle 
contained between the plane 
of the true or geographical ^^ _ ^^^^^ ^ 

mendian, and the plane of SHowiira Declination of 
the magnetic meridian. 20** W. 

The plane of the terrestrial or geographical meridian is the plane 
or flat surface which passes (a) through the observer at the place; 
(6) throuffh the centre of the earth; (c) through the north axia south 
terrestrial poles. 

The plane of the viagnetic meridian is the plane or flat surface 
which passes (a) through the centre of suspension of the compass 
needle in the vicinity of the observer; (&) through the centre of the 
earth ; (c) through the horizonal axis, or the straight line passing 
through the points of the compass needle in its true position of rest. 
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Imagine a plane Bur&ce to pass through the ffeoffraphictU 
meridian of a given place ; also imagine a huge plane Bar- 
face to pasa through the centre of suspension, and the two 
ends of a compass needle in the same place; the angle 
included between these imaginary plane surfaces is termed 
the declinafiim at that place. The declination, therefore, 
varies at different places on the e^ih's surface. 

At the present time, the declination at London is about 
20" W.; that ia, the mi^netio needle (eompaas) points 
ahout 20^ to the vieat of the true north. 

SS. The BeclinfttioB 
Theodolite, or Declino- 
meter, or DeolinatioQ 
Comp&BB, is used to 
take the decUncUion of 
a place. It consists 
essentially of — (a) A 
telescope mounted on a 
horizontal aais (and 
therefore capable of 
moving in a vertical 
plane), (b) A compass 
box (including light 
magnetic needle), to 
the sides of whiclk two 
uprights are screwed, 
■which give snppOTt to 
Tig. 32. — DEOLUTiTio^ CoMPisa. the telescope; the com- 
a. a. Telescope; 6, 6, compass boi ^^^ ^ mounted on a 
and needle ; e, e, honzontal limb '■ .• , _ _i_ . . 

(gnidnated); d. 0, d, tripod with ^'"^^^ ^' ?^ ^^}^ 
levelling BcrewB; «, pillac in which it rotates nonzontaliy, 
gmdnatod limb rotataa. carrying round vrith it 

a vernier v, for more accurate measurements, (c) A 
fixed horizontal limb (arimuihal circle graduated round 
its circumference) mounted on a tripod stand (d), which 
supports a vertical pillar (e), and is adjusted by three 
levelling screws, with the aid of the spirit level o attached 
to the telescope. 
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Bine, murked or 
Acate Capii north-ieekiug eu<U 




To Use the Instrument — (1) Levd the horizontal circle 
and compass by means of the tripod screws. This result 
is accomplished when the bubble remains in the centre of 
the spirit level during the entire rotation of the horizontal 
circle. (2) Bring the telescope into the plane of the 
geographical meridian, as by turning it horizontally imtil 
its optical axis coincides with the centre of the sun at 
mid-day (that is, when the sun is at its greatest altitvde). 
The degree of the declination may now be read off with 
great accuracy on the divided circle by means of the 
vernier. The compass needle will show whether the declin- 
ation be east or west, 

66. To Drawa Straight 
LinePointingTmeNortli 
and South. — Place a comr 
pass needle, freely suppor- 
ted, on the table; allow the 
needle to come to rest; draw 
a straight line passing 
through the centre of sus- 
pension of the needle, and 
through a point in the 
compass card about 20^ to 
theeflwi of the straight line Fig. 33. — Magnetised Compass 
passing through the ends of Needle Mounted on vertical ste^ 
the compass needle. Such point. 

line will, at London or Greenwich, point true north and south, 

67. The Hariner's or Ship's Compass, used for the 
purposes of guiding the ship during its course of naviga- 
tion, consists of the following essential parts : — 

(1.) A thin flat magnet (the compass needle) mounted and sup- 
ported horizontally on a sharp point or pivot, by means of a 
central cap of agate. 

(2.) A compass card of printed paper or card, fastened to and 
chow the neidle, and floating with out concealing it, the north 
and south points of the compass card being fixed immediately over 
the north and south poles of the compass needle. 

(3.) A perpendicular pivotf consistmg usually of a flne point of 
steel properly hardened and tempered. In the Boyal Navy pivots 
of iridium, which are hard and do not rust or oxidize, are used. . 
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(4.) A ihaUoio btaM ot copper h<KC a, wilb gUu cover which 
encloBes and protects tlie compaal needle and cud. 

(5.) 7Hi<o gimbals, or concentric rin^ or hoops, into the inner 
one of which the campaae box itself is loosely fixed by two pivots 
e, placed ailally at opposite points in the ring. The inner ring 
ia aimilarly fixed (go as to permit of its free movement) into the 
ouier ring, or three-quarter ring, out with its jyivoii / and g at 
right angles to those of the compass and inner ring. By this 
arrangement, however much and in whatever way the ship may 
roll, the horkontalitj/ of the compass is preserved. This arrange- 
ment is very similBT to that by which the cabin lamps are mounted 
on board steam- vessels, and which is familiar to most summer 
excorsionists. 

The whole ia generally mounted in an outer wooden 
box or case d,in,h. Qreat care is requisite to ensure the 
absence of iron or steel in the construction of the case and 
surrounding fittings. 



Fi^. 3i. — Mabiser's Comsabs. a, Compass box containing 
compass needle and floating card; b, e, gimbals; d, h,™, 
external wooden case; e, one of the pivots on which compass 
case swings; /, g, pivots On which horizontal gimial swings; 
cc, y, eight vanta sometimes attached to magnetic compasses, 
especially land compcusea. 
Magnetic compasses are Bometimes fitted with eight 
vanes, x and y, for the purpose of measuring horvamtai 
angles, or for determining the magnetic aidmuth. 
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S8. inie GompUB Card cooBiBUi of & circular disc (see 
fig. Si), the outer edge or circumference of which is fre- 
quently graduated into 360 degrees, on the interior of 
'which is printed a alar, the radiations of which divide it 
in thirty-two points, termed rhumbs, or poinU of the 
eomptae. The point indicating the north (which is fixed 
immediately over the north end of the compass needle) is 
frequently distinguished by the figure of a royal crown. 



Fig. 3ff.— COKPABS Cabd, thowtDg the 32 points of tha 
CompasB. 

69. Tbe Land CompBBS diSen from the nuirme com- 
mas chiefly in the arrangement of the needk and card. 
The needle is either suspended above the card, its Toarked 
end indicating the degree of hortsonial deviation from the 
mimetic meridian by means of the scale printed round 
the edge of the flat card, or is suspended wiUdn a brass 
ring graduated into d^jrees. The land compass is also in 
general fitted with a small »l(^ or Uver to raise the needle 
from itA bearings when not in use, or to bring it more 
speedily to rest during its use when taking observations. 

When fitted with a reflecling prism and a sight vane 
(x, y, fig. 34), it forma the prisTrtatio or a:dinuth compass, a 
moat valuable .instrument to the military surveyor; also 
for filling in the details of an extensive survey. 
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To use the instniment, hold it horizontally in such a position 
that, in looking through the slUf the thread of sigJU vane and the 
object shall be in the same right line, and the number of the 
degree on the floating compass card, which coincides with the 
thread of the sight vane, will show the magnetic aaimtUh or angle 
which a straight line drawn from the object to the eye makes 
with the Tnagnetic meridian. 

60. The Earth's Action on the Compass Needle is 
simply Directive; and not Attractive. 

Experiment. — ^Mount a small compass needle so that it may 
move freely on a pointed wire projecting perpendicularly from 
the middle of a large, round, flat cork. Place the cork gently in 
the middle of a tub or basin filled with water. 

The mounted compass needle will remain where it was ori- 
ginallv placed, in the centre of the basin, showing no tendency 
to pull the cork to one side or the other. But the needle wiU 
place itself in the plans of the magnetic meridian, that is, tmless 
mterfered with by some external agent, it will come to rest so 
that its opposite ends point respectively in the direction of the 
north «nd saiUh magnetic poles. ■ 

Thus the compass needle as a whole is not attracted or 
repelled by the earth's magnetism, or it would be pulled 
or driven to one side or the other of the basin. But the 
earth's magnetism directs it as to the way it shall point, or, 
in other words, determines i^<ddirectionoiii/a position of res^. 

This result is brought about as follows: — (a) The Tiorth 
terrestrial (boreal) magnetic pole attracts the north-seeking 

! austral) pole of the needle, and repels its soiUh-seeking 
boreal) pole, (b) The sotUh terrestrial pole (austral) 
attra/sts the south-seckmg (boreal) pole of the compass 
needle, and repels its nxyrth-seeldng (austral) pole, (o) The 
distance between the terrestrial poles and each of the poles 
of the compass needle being pro/cticaUy equal, the aUrao- 
tion and repidsion exercised by the terrestrial poles are 
also practically equal, therefore the compass needle under- 
goes no motion of translation, but is, when placed ohliqudy^ 
with the magnetic meridian pulled round, performing a 
sort of rotatory movement until it has placed itself in tiie 
plane of the magnetic meridian. The compass needle 
having taken up this position, the two equal and opposite 
terrestrial polar forces, acting firom directly opposite points 
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tend to keep it in a state of rest. The magnetic action 
of the earth is thus directive, and not translatory. If the 
length of the compass needle formed any important frac- 
tional part of the distance of the needle from the earth's 
ma^etic pole, the repulsion of the latter would be so 
much less for the one end than its attraction for the other, 
that the needle would then be attracted to it by a resultant 
force of attraction equal to the difference between the 
forces of attraction and repulsion exerted on the needle. 

61.* Secular Variations. — ^The compass needle, how- 
ever, does not permanently retain the same declination 
even at the same place; but undergoes a gradual change, 
now to the west and i^en to the east, passing each year 
through more or less a cycle of change which occupies an 
indefinite time, it may be several centuries, in its com- 
pletion. To these variations of dedifiation, which take 
centuries to accomplish, and the chiration of which are 
unknown, the term secular variation is applied. 

In 1580, the declination was 11^ 15' E.; in 1657 there 
was no dedmation in London, that is, during that year 
the compass needle pointed true n/orth and south; from 
that date till 1815, when it attained its maocimum of 
24^ 27' W., it gradually increased to the west. Since then 
the needle has been gradually turning towards the east, its 
declination in London being, as previously stated, about 
20^ W.^ its aamual decrease being appaxently about 7'. 

62.* Annual Variations. — In addition to its secular 
variations, the compass needle undergoes other compara- 
tively trifUng and less marked variations, more especially 
about the time of the equinooces, which are termed anniuil 
variations. 

68.* Diurnal Variations.— In addition to both its 
secular and annual variations, the compass needle, aa was 
first observed in 1724 by Mr. Grahion, also undergoes 
diurnal or didly variations, the northrseddng end of the 

* The student need not attend to the paragraphs marked* on 
the first reading of this little book. For faJler information on 
MagneUim and SketrkUy, see Advanced Ooune, in this series. 
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needle in this hemisphere tmvelling perceptibly to the 
west from 8 a.m. to 1 p.m., and during other parts of the 
day in the contrary direction. Careful observation of 
facts connected with anTmal and diwmal variation, would 
seem to show that the sun's heat exerts its influence on 
terrestrial magnetism, the magnetism of the earth pro- 
bably depending at least in part on its thermo'electric 
currentSf more or less excited by the solar rays. 

64. Magnetic Perturbations or Storms. — Irregular or 

a^ccidental variations of c^6cZ^9^a^^on or inclination are termed 
magnetic storms. They almost always accompany strongly 
marked displays of the aurora horeaiis, great earthquakes, 
and very violent voUa/aio eruptions. On such occasions, 
the needles employed in telegraphy sometimes move spon- 
taneously^ and at others refuse to transmit the ordinary 
signals. 

The student must not, as is not unfrequently the case 
with popular readers, be misled by the term storm, to 
suppose that during such phenomena the needle neces- 
sarily takes to rapidly oscillating backwards and forwards. 
On the contrary, on such occasions it sometimes becomes 
unusually fixed and stationary, but to the east or to the 
west of its normal or mean position. Such perturbations, 
according to Humboldt, who first drew attention to 
them, frequently manifest themselves over hundreds and 
thousands of miles simultaneously. Professor Balfour 
Stewart has made a number of observations, showing the 
connection of sun spots and magnetic storms; these storms 
occurring most frequently, at intervals of ten or eleven 
years, on the occasions when the spots on the face of the 
sun are also most numerous. 

65.* Agonic Line. — ^The agonic line is the imaginary, 
irregular, curved line supposed to be drawn on the earth's 
surface, so as to connect all those places which have no 
declination, that is, at which the compass needle points 
tnie north and south, and at which, therefore, the magnetic 
and geographical meridians coincide. The agonic line is 
therefore the line of no variation. 
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66.* Isogonio Lines are the imaginary irregular curved 
lines on the earth's surface which connect places having 
eqval declination. 

67. Inclination or 
Dip is the a72^^e which 
a freely suspended ver- 
tical magnetic needle, 
supported by and 
moving on a liorizonr 
tal axis, makes with 
the horizon when the 
vertical plane in 
the needle coincides 
with the magnetic 
meridian. 

The dipm London, 
at the present time, -£{» 36.— Simple Fobm of Dippino 
is about 67°. At the Needle. 0, Agate cap; D, north or 
magnetic poleSy north dipping end of Needle, 
or south, the dipping needle would become quite vertical, 
while at the magnetic equator it would come to rest in 
the horizontal f^oBiiioiL 

The straight line passing through the points of the 
dipping needle, when in its normal position, is termed the 
line of force. 

68. The Dipping Needle or Inclination Compass^ is 

used to determine inclination of a place. The more 
elaborate forms of the instrument, such, for instance, as 
are suitable for scientific research (see fig. 37) consist of — 

(a.) A vertical magnetic needle of great accuracy of adjustment, 
supported by means of a horizontal axis, on highly polished sur- 
faces of a^atet in the centre of the divided circle. 

(6.) A vertical graduated circle of brass, capable of horizontal 
rotation. «- 

(c.) A stage and framework of brass supporting the vertical 
circle and needle attached below to a verticataxiSf capable of hori- 
zontsd rotation in the vertical tubular fitting attached to the tripod. 

(d.) A 2oii;er horizontal graduated circle fixed to, but movable 
on the hollow axis attached to the tripod. 

9 D 
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n tripod {a, s, e). 
The tipper part of the instrument is usually coTered 
mth a ghss case. 

To Use the Inairument. — (1.) Leeel the instrament by 
*' turning the tripod screwt 

until the air bubble remains 
in the middle of the ^rit 
level. (2.) Bring the verti- 
cal needle to snch a position 
that it can oscillate or rotate 
in the plane of the magnetic 
meridian only &a follows : — 
Turn the s/fl^fe (c) and ver- 
tical circle {b) until the 
needle comes to rest in a ver- 
iica? position (6') in the figure. 
Kow torn the stage and 
I vppe/r circle round 90° as 
mea;sured on the lower circle. 
The needle -will now oscillate 
Kg. 37— DipMHO NzEDLB. in the magnetie meridian. 
(3.) Observe the angle 3t which the magnetic needle now 
staJidB, as measured on the vertical circle, and tliis will 
be the inclination of the place at whioh the observation 
is made. 

69." Tbe Aclinic Line or Ifagnetio Eqoator, is the 
iiBaginaiy, irregular, curved line which is supposed to 

Qpass through those points 
in the earth's surface at 
^ which the dipping needle 
has nodip, that is, remains 
(in its position of rest) 
parallel to the horiam. 
Kg. 38.— Geographical amd [Hie acUnia line (a, 6, c, d) 
Maonbtio Equator therefore the lineof nodip. 

It cuts the geographical equator in several points 

70.* "Shs iBOClinic limes are the imaginary, irregular. 
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curved lines wliich join places on the earth of equal dip; 
they are therefore lines of equal dip. 

71. Intensity or Magnetic Intensity is the amount 
or degree of the earth's magnetic force, by which a mag- 
netic needle of unit eiize and strength is brought back to 
its position of rest, when moved a given distance from 
that position, supposing such needle to h^ freely suspended 
about its centre of gravity^ so as to be capable of moving 
equaUy in any diwction. 

The relative intensity of the earth's magnetism, at any two 
places, may be ascertained by counting the number of times the 
needle osculates in a gvoen time at the two places, on being put 
out of its position of rest. The relative magnetic intensities, at 
the two places, will be as the squares of numbers of the oscilla- 
tion at the two places. Thus, t£ the needle oscillated five times 
at the one place, whereas it oscillated seven times at the second 
place, the relative magnetic intensity at the two places will be 
as 5' =25 to 7^=49; that is, at the second place, the magnetic 
intensity would be practically twice that of the first. 

73. The Uagnetic Poles are those points in the earth's 
surface at which the dipping needle, in its position of rest, 
lisplaTie of oscillation being in the magnetic meridian, 
stands vertical, or makes an angle of 90^ with the horizon. 

Possibly there are two magnetic poles of unequal power 
in each hemisphere. 

If a dippin/g needle were carefully removed from one 
magnetic pole to the other, say from the nxyrth to the 
sovih magnetic pole, the needle would pass from its posi- 
tive perpendicularity at the north pole, through every 
degree of obliquity (its north pole rising and its south 
pole falling), until at the magnetic equator it will have 
become hoUsontal, having on its passage slowly described 
an angle of 90^ On being removed from the magnetic 
eqtuUor to the south magnetic pole, it would pursue an 
opposite course, gradually passing from its horizontal 
position at the eqtuUor, to a vertical position at the south 
terrestrial pole, its south pole still falling, and its north 
pole rising as before, until it again assumed a vertical 
jK>sition, 
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CHAPTER IV. 

HISIOBT OF FUCnOKAI. SLBCTBICITT. 

73. Thales of Mfletos, B.a 600, is said to liave lieen 
tlie fint philosoplier who disooveied the tUeibncal power 
of rubbed amber. Later on, TheophlBStllS, B.C. 32, and 
Flinj, A.D. 70, mentioii its power cf otlraeftii^ diy leaves 
and strawB. They also mention a mineral, supposed to 
be taurmaUne, as possessing similar prop^iies. Pliny 
and Aristotle described the dectrioal poweis of the 
torpedo. A case cigout cored by the sbodcs ai a torpedo 
is likewise mentioned, as also cases of the emission of eleo- 
trical spa/rks by the hnman body. 

EnstathillS, a.p. 415, records a case in which the 
body of a philosopher occasionally, while dressing and 
undressing, cracked and emitted sparks and flame, which 
did not bum his clothes. No theory or eocplanation of 
these phenomena worthy of the name of science was 
attempted till the time of Dr. Oilbert of Colchester, 
A.D. 1600, who, by a series of very elaborate experiments, 
very greatly extended the number of bodies known to 
possess the properties of wmher; he also made experi- 
ments with the object of determining the influence of the 
atmosphere on the electrical condition of bodies. 

74. After this Boyle, a.d. 1675, made a series of experi- 
ments with the view of determining the origin of elec- 
tricity, in which he greatly extended the discoveries begun 
by Dr. Gilbert. Boyle flrst used the resinous cake as a 
soiirce of electricity. 

Otto Ouericke (who was contemporary with Boyle) 
about this time invented what may, perhaps, fairly be 
described as the first electrical machine, which consisted 
of a globe of sulphitr made to revolve on an axis, so as 
to be excited by the friction of the hand applied to its 
surface. He thus showed that light and sound were 
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always produced when the electricaT excitation was sufi* 
cientiypowerfuL 

75. Sir Isaao Newton probably constructed the first 
gla98 electrical machine. His experiments were repecUed 
by the Boyal Society on the 13th of January, 1676, a 
scnMing brush of short ho^^s bristlea being used to excite 
the gkiss. Francis Hawksbee, about 1705, was the first 
to observe the resemblance between the electric spark and 
lightning. About this time Stephen Gray, a Fellow of 
the Boyal Society, made an extensive and important 
series of experiments on electrical excUation, condtuition, 
and aUraction, Nearly cotemporaneously (about 1733), 
K. Dnfity, of the Academy of Science (Paris), made the 
still more important discovery of existence of two dis- 
simUar kinds of electricity, to which he applied the dis- 
tinctive titles of vUreous and resinous electricity, thus 
inventing the theory generally known as "Dufa/s theory." 
Shortly after this date, Professor Boze, of Wittemberg, 
added the prime conductor to the electrical machine of 
Sir Isaac Newton. 

Between 1744-46, the Leyden Jar was discovered, for 
the more minute history of which see Art on Leyden jar. 
Shortly after this. Sir W. Watson imaged out the '*plus 
and minus electricity" theory, ajfterwards more careMly 
and thoroughly worked out by Dr. Franklin. Between 
1747 and 1760, the science of electricity made great 
strides, chiefly through the labours of Dr. Franklin, who 
not only worked out the plus and minus or positive and 
negcUive theory of electricity, but among other important 
discoveries proved the identity/ of electricity and lightning, 
and invented lightning conductors. About the latter 
portion of this period, 

76. Mr. Symmer accidentally found that when a black 
and a white silk stocking were put on the same leg, and 
taken off at the end of about ten minutes, they were so 
much inflated or distended when pulled asunder, that 
'* each of them showed the entire shape of the leg, and at 
the distance of a foot and a half they rushed to meet each 
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other." Led by the interest thus excited, he entered on 
a series of experiments on which he founded the theory 
most generally adopted at the present day, and known 
as Symmer's theory, and in which he adopted Dufaj/a 
double-Jluid theory of electricity, combined with the 
nomenclature (the positive and negative fluids) of the 
FranMinicm theory. From this period down to the 
present, the number of the labourers, including those of 
Epinus, Cavendish, Coulomb, Laplace, Cavoisier, Volta, 
Lanssure, Biot, Arago, Sir H. Davy, Daniell, Faraday, 
Harris, Tyndall, and others of eminence, is so great, and 
their discoveries so interwoven with the present state 
of electrical knowledge, as to place them beyond the 
limits of our present space. 



CHAPTER V. 

PBICTIONAL (statical) ELECTRICITY, ATTRACTION, 
REPULSION, CONDUCTION. 

77. Electricity (from Gr. elektron, amber) is the 
imponderoible physical agent, cause, force, or the molecular 
movement, by which, under certain conditions, certain 
phenomena, chiefly those of attraction and rqmlsion (and 
where the force exists in great quantity or intensity, of 
heat, light, soimd, magnetism, and chemical action) are 
produced* •-'- w**'»^-».'' .>-->*• 

It owes its name to its power of attractionyha;v'mg been 
first observed in connection with rubbed amber by Thales 
of Miletus, who accidentally discovered that if a piece of 
amber was rubbed by the hand, it acquired the property 
of first attracting and then supporting minute light bodies 
which temporarily adhered to its surface. The exercise 
of this power was, after the fashion of those days, attri- 
buted to the spirit or soul of the amber. 
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78- Booroes and Kinds of Electricity. — Electricity 
may be excited or developed by various meana, chiefly 
friction and mecbanioal action, chemical action, heat, and 
magnetism. When developed by frictwn, compression, 
concuseion, or disruption, it is termed /rtcftono/ or etatical 
electricity; ■when by heat, thermo-electricity ; when de- 
veloped by chemical action, voltaic or galvanic electricity; 
and when by magnetism, magneto-electricit)/. These dif- 
ferently named electricities are all essentially of the same 
kind or nature, differing among themselves chiefly in 
relation of quantity and intensity. 

79. Statical Electricity (from Gr. ataios, standing) is 
in general developed hjfnction. It is bo named because 
it tends to remain, or, as it 'were, atand vhere it is 
developed, or to distribute itself over the surface of bodies 
and there come to rest. 



Fig. 39.— Sbcwxho AiTRAonoir and Eefulsioh op Lianl 
Bonn^ as feathers (down), chopped straw or paper, bran, 
■awdmit, gold-leaf, and pitii baus, by warm nAbed tod of 
Tvloanite, seaUng-waz, or glass. , 

80. Phenomeaa of Attraction and Bepnleion. — Au, 
bodies when rvhbed acquire the power of electric attrac- 
tion and repulnon. Certain bodies, therefore foimerly 
termed electrics, manifest this power with great facility 
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under ordinary circumstances; other bodies, not mani- 
festing this power, because the necessary conditions were 
then unknown to the experimentalists; were erroneously 
termed Tum-electrics. 

EicPERiMENT I. — ^Bub a piece of ambor, a vulcanite ruler, a 
gla88 tube, a stick of Bealing-wax, or sulphur on the sleeve of the 
coat, or with a piece of warm dry flannel or silk, and then bring 
the rubbed part near to a collection of very small scraps of paper, 
sawdust, bran, cut straw, small pith balls, or other UgJU bodies, 
as shown in fig. 38. These bodies will be immediately attracted 
to the rubbed aubstance^ some of them adhering to it, while others 
will assume a lively movement, being alternately attracted to or 
repelled from it, the light bodies rapidlv oscillating, as it were, 
between the rubbed substance and the taile or support. If amber 
be used, it is better to rub it with flanneL 

Experiment II. — Hold the nibbed body very near the face. A 
peculiar sensation, much as though the face were covered with 
adhering cohbebs, will be produced. 

Experiment III. — ^If the rubbed body be a large one, hold it to 
one of the knuckles — a feeble spark, accompanied by a slight 
crachlingy will be produced. 

Experiment I v . — (a) Take a piece of thick brown paper about 
12 inches square ; {b) heat it before the fire, and when hot rub 
it with a common clothes brush ; (c) hold it over a collection of 
light bodies as in Ex. I., they will be immediately a^ttra^ted as 
before ; (d) hold the hot, rubbed paper over the hair of the bead, 
it will be immediately attracted, many of the hairs ''standing 
straight on end," and presenting a very peculiar appearance ; 
(e) hold the hot, freshly-r{^&e(2 paper near the wall of the room, 
it will immediately fiy to and cling to the wall; (/) sparks may 
sometimes be drawn by the knuckle from the paper. 

Experiment V. — Repeat the last experiment before the fire 
by drawing the hot brown paper two or three times between the 
knees of your trousers, similar effects of attraction will be 
produced. This is an amusing class experiment with boys. 

Experiment VI. — ^Repeat the experiment with warmed foreign 
post paper, rubbed with oottle india-rubber; similar phenomena 
will be produced. 

Experiments VII. -X. — ^Repeat the above experiments with 

(7.) Silk ribbon, rubbed with vulcanized india-rubber, 

(8.) CoUodion, rubbed with the ^grer*. 

(9.) Glass tube, rubbed with silk on which amalgam has been 
spread. 

(10.) Resin, rubbed with ^anne^ 

Experiment XI. — Balance a wooden lath, 2 or 3 feet in length, 
on a Florence flask, as shown in fig. 40. On bringing a rubbed 
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stick o£ vulcanite or of glass near the end of the mounted rod, it 
will be attracted by it, and may be made to rotate on the flask by 
gently moving the excited rod before it. 




Fig. 40. — Showing Attraction of a Wooden Lath by a 

rod of excited vulcanite. 

Experiment XIL — ^Biing an excited glass or vulcanite rod 
successively near each end of a mounted compass needle (fig. 33), 
it will, as in the case of the mounted lath in the last experiment, 
aitract both ends without any distinction of polarity. 

The student, with the exercise of a little ingenuity, 
may multiply these experiments indefinitely, in ail cases 
similar effects of attraction will be produced. He should 
also repeat the above experiments with the aid of an 
electric pendulum, and a gold-leaf electroscope (see Arts. 
82 and 111). 

81. Electrified Body. — ^The mhhed body thus capable 
of giving rise to the phenomena of attraction, repulsion, 
etc., just described, is said to be electrified, electricaUy 
excited, or charged with electricity. 



SS ^AOHETISk AND ELBOTRICrtt. 

The Act of Eleclr^cation by Friction, as defined by 
Tyndall, " consists in the forcible separation of the two 
electric fluids, one of which is difiVised over the rubber, 
and the other over the body rubbed. 

Tbejbrce by which the two fluids are thus separated, 
and tend to mOTO in opposite directions, is termed the 
Electro-motive fc rce. 

82. Ths Electric Fesdnlnm or Fitb-ball Electro^ 
8C0p6 is a form of instrument frequently used when it 
is desired to conduct these experiments more carefully. 
It consists of (see fig. 41 ) : — 




Tig. 41.— Thb Elbotrio Penddlum ou Pira-BALt L™-™,- 
aoops. The middle ball showa the origiiul poaitiou of the 
unelectrified pith ball— the shaded bftll to the rigU shows its 
position nndar the aUmctive influence of the rvmtd vnlcanite 
or glasa rod; the dotted baU to the Ji/r its position dnring 
repulsion after having robbed the Tulcamte of part of ita 
electricity. 
) X piih bail, suspended by a fibre of unspun silk 
ther innUating material. 



IT other 
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(2.) A stand for same, consisting in general of a pillar 
of glass, vulcanite, or gutta-percha, with suitable base, 
the whole supporting a bent arm, to which the silk fibre 
is attached. The gold-leaf electroscope forms a still more 
delicate instrument for investigating these phenomena 
(see Arts. 54 and 109-112.) 

88. Two Kinds of Electricity.— The following experi- 
ments tend to prove the existence of two kinds of electricity. 

Experiment I. — (a) Bub a stick of sealing-wax or a lump of 
resin with warm flannel; {h) bring the eealing-toax near the pith 
ball. 

1. It wiU be aitracted to the seaUng-wax and become charged 
by contact with a jMurt of its electricity, 

2. After contact it will be repelled by the sealing-wax, thus 
showing that bodies charged with the same kind of electricity 
repel each other. 

Experiment II. — (a.) Kub a gla^ rod or tube with a piece of 
tffarm sUk. The effect is increased if the silk be covered with a 
little amalgam, 

(6.) Bring the excited glass tube near the pith ball. It will be 
attracted (as in the last erperiment with the sealing-wax) into 
contact with the glass, thus Decoming charged with a portion of 
its electricity. 

(e.) After cofntact the pith ball will be repelled by the electricity 
of the ^lass, thus again proving that bodies charged with the 
same kmds of electricity repel each other. In uiis case the 
repelling electricity is termed positive electricity. 

jBiXPiotiMENT III. — (a.) Rub a stick of sealing-wax or a piece of 
resin with warm ^nne^. 

{b,) Bub a glass rod or tube with a piece of warm silk, 

(c.) First bring the sealing-wax into contact with the pith ball. 
After contact the pith ball will be repelled, because of its having 
become charged with similar electricity to that of the sealing-wax. 

{d,) Now quickly remove the rubbed sealing-wax, and in place 
of it bring the rvhbed glass towards the pith ball. The pith ball 
will immediately /7y to the rubbed glass. 

Experiment Iy . — (a.) Excite a piece of siUs ribbon by rubbing 
it with vulcanized india-rubber as previously described. 

(&.) Bring the two halves of the electrically-excited ribbon 
near each other, they will immediately repel one another, being 
charged with similar electricity. 

(c.) Brizig either half of the ribbon near the vulcanized india- 
rubber ana it will be attracted by it, the ribbon and the rutiber 
being charged with opposite electricities. 
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' Experiment V. — (a.) Rub a small sheet of thin foreign post 
paper (previoosly weU wanned) with indiarabber. 

(b.) Speedily cut the paper into narrow strips, collect the strips 
together, and they will repeZ each other, forming a kind of tessel 
in consequence of their being charged with uie same kind of 
electripity. 

(e.) JBring the strips near the rubber and they will be imme- 
diately cUtracted, because charged with opposite dectricities. 

These experiments prove the existence of two kinds 
of electricity, viz. : — (a.) That which is excited by rub- 
bing glass; (b) that which is excited by rubbing resin or 
geating-wax. They also prove that though these electri- 
cities are sdf-repvlsive^ they are mutually aiVrwitive of 
each other ; that is, that positive electricity will repel 
positive electricity, and negative will repel negative elec- 
tricity, but that the positive and negative electricities will 
mutually aitract each other. 

84. Vitreous (Positive) Eloctricity (from Latin vitrum, 

glass). — The term vitreoibs electricity was formerly applied 
to the electricity generated by rubbing glass with silk. 
But this term has long since been generally abandoned, 
since the same kind of electricity can be obtained by the 
rubbing of innumerable substances; further, what was 
formerly termed resinous electricity may also be obtained 
from glass by rubbing it with special bodies. The tena 
positive is now generally used in place of vitreous, as 
applied to electricity. 

85. BesinouB (Neg^ative) Electricity. — ^This term, which 

was formerly applied to that kind of electricity which is 
excited by rubbing sealing-wax (which consists chiefly of 
resin and shell-lac), has also now been generally aban- 
doned in favour of the term negative electricity, since it 
also may be obtained from innumerable sources. 

86. Apparatus for Testing the Action of Rubbed and 
Unrubbed Bodies on each other. — ^The following simple 

form of apparatus for suspending bodies (see fig. 42) will 
be found very useful, in addition to the pith ball electro- 
scope previously described, in testing the action of rvhhed 
and unrubbed bodies on each other^ especially when they 
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assume the form of rods or tubes. It consists (1) of a 
piece of paper or vnre bent in the form of a stirrup, on 
-which the rod may be balajiced, as shown in the figure; 
(2) an insvIaUng support, consisting of fibres of v/nspun 
silk, fastened below by a knot to the top of the stirrup, 
and above by a similar knot, or by a small hook to a 
bent arm, or any other convenient support. 




Fig. 42. — Mode of suspekdinq Insulated Electkipied Bodies. 
A, showing mode of testing the action of two nibbed rods of 
vulcanite; a, paper stirrup for suspendii^ rod; b, front view 
of wire stirrup ; c, back view of wire stiirup. 

On a larger scale, as for lecture purposes, the wire or 
paper stirrup may be supported by means of silk tape, or 
ribbon. 

Excited glass, vulcanite, and other rods and tubes, 
with polished slippery surfaces, may be /reelj/ haiUmced 
on metallic points, as shown in fig. 43, T^e process 
of balancing is greatly facilitated if the rod be centered 
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experimentally by means of a puncture made in the middle 
of a lozenge-shaped piece of thick paper gummed on to 
the middle of the rod, as shown in upper figure of the 
diagram. 





Fig. 43. — ^Method op balanciko Insulated Electrified Kods 
AND Tubes. Showing mode of freely baUmcinff nibhed or 
electrified rods on metallic points passed throu^ cork, and 
supported by common glass Dottle. 

For further hints on the construction of cheap appa- 
ratus, see Appendix. 

87. Action of Rubbed Bodies on each other. — 1. If 

rubbed with the same materials : — Rubbed bodies, as a rule, 
repel rubbed bodies of the same kind, when both are 
rubbed with the sam^ material. Thus, one piece of seal- 
ing-wax rubbed with fiannd will repel another piece of 
sealing-wax rubbed with flannel; and one piece of glass 
rubbed with ^ilk will re/pd another piece of glass rubbed 
with silk. 

2. K rubbed with different materials : — Rvhbed bodies 
sometimes attract and sometimes repel rubbed bodies of 
the sam^ kind when these bodies are rubbed with different 
materials; thus, a piece of glass rubbed with sWo will 
attra/it a similar piece of glass rubbed with a piece of a 
gat-skin/ and two pieces of ^lass^ the cue smooth tbQ 
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other rough groTind^ so as to be semi-transparent, will, 
when rubbed together, cUtract each other. 

8& Action of Bubbed on Unrubbed Bodies. — Rubhtd 
bodies invariably attract r^nrubbed bodies when the latter 
are in their ordinary or normal state. They first decom- 
pose (by induction) the neutral electricity of the wnrubbed 
body into its positive and negative electricities, and then 
attract them through the agency of the nearer electricity 
of that unruhbed body, which, under such circumstances, 
is always of the opposite kind to that of the rubbed body 
(see Induction^. 

89. Bepulsion the only sore Test of the Presence of 
Free Electricity. — From the last Article it will be 
evident that electrical repulsion is the only sure test of 
the presence of free electricity, since not only rul)bedf 
that is electrically charged, bodies attract, but ne^Ural 
bodies also ; whereas only electrically charged bodies can 
electrically repel each other. Thus repulsion is alike 
the only sure test both in Magnetism and Electricity 
(see Art 7). 

90. Electrics and Non-Electrics. — ^It was formerly sup- 
posed that a limited number of bodies only were capable 
of becoming electrically excited when rubbed. Bodies 
thus capable of becoming electrically excited, or of gene- 
rating electricity, were termed electrics, in contradis- 
tinction to other bodies which were not found to be 
electrically excited after such rubbing, and which were 
therefore supposed to be incapable of generating electri- 
city by rubbing^ and were consequently termed non- 
electrics. 

This distinction of bodies into electrics and non-eleciiicB 
is now abandoned, since it is found that all bodies are 
electrics, that is, capable of becoming eUd/ricaUy excited 
when rubbed, 

' ExFSRiMENT I. — (a.) Kub a glass tube with warm silk, and 
bring it near the pith ball of the electroscope (fig. 41) ; it will 
be wrst attro/cted and then repelled. Eleclaicity has, therefore^ 
been generated (liberated) by rubbing. 
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(b.) Rub a brass rod or tube with warm sUk, and proceed as 
before. The pith ball will neither be attra>cted nor repelled, nor 
in any other way affected. Thus, apparentlyf no electricity was 
generated (liberated) ; brass was therefore formerly de8cril>ed as 
a non-electric, ' — _.. t^-*^>*' • -- 

(c.) Hold the brass or metallic rod or tube by means of a warm 
dry glass handle (see fig. 44), or by means of two or three layers 
of vtUca/nized indAa-rvJtiber, and rub as in the last experiment ; then 
bring it near the pith ball of the electroscope ; it will now be at- 
tra^cted and rolled as in the first instance. The brass tube is 
evidently an electric. 

{d, ) Beneat the experiment as in the last case, but before bring- 
ing it to the pith bau, touch it with the finger, or with a wire, and 
then bring it to the pil^ baU^ it no longer possesses ito power of 
attraction and repulsion. 



Fig. 44.— Apparatus for provino Metals to be Electrics. 
Consisting of glass rod (A), inserted as a handle into brass 
fcube (B). To excite electrically, hold by wann glass handle, 
and stnke quickly several times with dry warm flannel, or, 
still better, with cat's skin. . ., . ^ .. 

The student may afterwards repeat these experiments 
with advantage with the aid of a gold-leaf electroscope, 

91. ThQjmger or the wire in that last experiment has 
conducted its electricity to the ground; they are, there- 
fore, termed condvjctora of electricity. The glass and the 
vvlcamte possess no such power, or possess it only in so 
inferior a degree as to be unimportant; tbey are there- 
fore termed non-condiLctors. 

The so-called electrics, therefore, consist of bodies in 
which the electricity excited by nibbing is imable to 
escape (except very slowly), and therefore manifests 
itself in effects of attraction and repulsion, while, in the 
case of the so-called non-elecPrics, the electiicity escapes, 
because of their superior conducting power (except under 
circumstances of peculiar precaution), with such rapidity 
that they have not time to manifest these effects. 

NwirCondujcUyrs were termed Dielectrics by Faraday, 
because of their permitting of the inductive action of 
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electrified bodies being exerted through their substance 
on adjacent bodies placed on the opposite side of them. 

92. Eleotrical Conductors are^ therefore^ bodies which 
possess the power of readily transmiting or conducting 
electricity f]X)m one body to anoth v? or to the ground. 
All bodies offer some resistance to the passage of elec- 
tricity; with some bodies this resistance is ao feeble as to 
be almost inappreciable; they are, therefore, said to be 
good conductors. "With other bodies the resistcmce offered 
is so great that practically no electricity passes; they are, 
therefore, termed non-conductors. Correctly speaking, 
however, all bodies, even the most perfect conductors, 
offer a certam amount of resistance to the passage of 
electricity; and all bodies, even the worst conductors, 
allow a small quantity of electricity to pass. Conse- 
quently, there is no such thing as an absolute conductor 
or nonrcondu4:tor; that is, condu>ction and nonrCondu>ction 
are simply relative degrees of conduction, from which it 
follows that there is no condu>ctor, however good, which, 
if its length were sufficiently increased, wo^d not offer 
appreciable or even measurable resistance to the passage 
of electricity; and there is no rum-conductor which, if it 
were sufficiently reduced in thickness, would not allow 
an appreciable quantity of electricity to pass, • 

' ExFEBnacNT. — ^Wipe an excited rod of glass or vulcanite with a 
damp cloth, or roll it up in a sheet of metal foil, it immediately 
loses its electrical properties, its charge being conducted away from 
it. It will, probably, in a few moments partially recover (especi- 
f^y in the case of vulcanite) these properties. This will result 
from a portion of its electrical charge having penetrated slightly 
helow its surface; again coming to the surface, when the exterior 
charge is removed oy the conductor. This may be called the 
residual charge. It may be removed by the wet cloth, or even by 
rubbing with the hand, as before. See also Experiments in Art. 1 15. 

.The condu/itivity of a wire, or other body, is the re- 
ciprocal of its resista/nce. That is, if one body, A, offers 
a resistance to the passage of electricity, say of 9, and a 
second body, B, a resistance of 1 only, the conductivity of 
B is 9 times as great as that of A. 

9 B 
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93. lost of ConduetOTS in the oider of their conduct- 
ing powers, those nearer the top being the best oonductorSi 
those nearer the bottom the best non-conductors or insu' 
latorSf arranged according to Matthieson's most rec^t 
experiments. * 

Silver. Saline Solatioiis. Silk. 

Copper. Sea Water. Glass. 

GolcL Rarefied Air Sealing-wax. 

Zinc. Melting Ice. Sul|)liur. 

Platinum. Pnre W ater, Kesm. 

Iron. Stone. Gntta-percha. 

Tin. Dry Ice. India-rabber. 

Lead. Dry Wood. Shell-lac. 

Mercury. Porcelain. Paraffin. 

The rest of the Metals. Dry Paper. Ebonites. 

Charcosd or Coke. ^ WooL Dry Air. 
Adds. 

94. A Non-Ck>nductor or Insulator is a body therefore 
whose resistcmce is so great as practically to prevent the 
passage of the electricity to contiguous bodies. Such 
bodies are said to be insulated (from Latin insula, an 
island), that is, cut off from connection with the electrified 
body, as an island is cut off from the mainland. Insu- 
lators or non-conductors differ from conductors qu>anti- 
tativdy, that is, in degree only; and not qualitative^ or 
in hind. 

95. To Insulate a Body is to support it on a column 
of glass, vulcanite, gutta-percha, gum-lac, resin, or some 
other non-condticting substance, or to suspend it by means 
of silken or other con-conducting fibres, so that no elec- 
tricity can escape from it to the ground, or to other 
adjacent bodies (see figs. 39, 40, 45, 46). 

96. Methods of Insulation. — ^Various modes and con- 
trivances for insulating bodies according to the conditions 
required by the particular experiment have been devised. 
Several of these, as those for supporting stationary bodies, 
as the human body, a cylindrical and a spherical con* 
ductor, during electrification, are shown by A,B,C, and D, 
^g, 45. Ko further explanation will be required beyond 
that contained in the descriptive key to the diagram. 
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Cars flhould- be taken that all gJass apparatus used for 
insulation, especially -when not protected by a coating 
of iheHrlae vornuft, should be kept well tcanned, more 
particularly ia class-rooms, or wkere manr persona are 




Fig. 40,— Sbowiho vabiods Foiiua or Ikbuutino Stands. 

A, Insnl&tiiiK Btool, eou^itiiig li well dried mBhoganf top, trap- 

ported D7 four gloM legs, aa supplied by t£e inBtruioeiit 

B, Temporuy inanlnHng Btool, fonr common tumbler gUuea 

■ervmg u len. 

C, Hetallio cylinder supported by glam rod on wooden or iron 

foot 

D, Metallio sphere supported on urine glau or gobUl. 

Fig. 46 will supply the practical student with a hint 
for an iruaspmsiet mods of insulating certain forms of 
vMvahU apparatus, as a wooden lath, a metal rod, etc. 



Fig, *8,— iMtXPBNsivs SraroET ron iNscLiTiKO Woonas Lath 
OB Flat Mxui. Bod. /n*uZa<ingitiuidaon«isliing of inverted 
n<»enoe flask fitted into neck <A common wine bottle, 
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Where perfect ^eecfom of motion ia required, the insulated 
body may be wspmdod by milk threads, as shown in fig. 41. 

" ~ Kg. 47 shows a con- 

venient form of insu- 
lating table, consisting 
of a round wooden top 
C and 0' (well baked 
mahogany, polished or 
varni^ed, the best), fit- 
ting by a central peg, a» 
into the top of a glass 
tube, B, 6 to 9 inches 
long and f inch in dia- 
meter, supported below 
by an iron or wooden 
. _, foot, Jl, 

Kg. 47.-INSULATING StAKD. g^^ j^^.^^ ^^^ ^^^ 

A, Wooden or iron foot; Absolutely Positive or 

B, glass tube; Ta'^.^*:-^ a* ^«o+ 

C, Movable circular wooden top ; « egative. — At lirst 

C, Wooden table top invert to show sight it might appear 
central peg (d). .... that each body, accord- 

ing to its nature, was either permanently positive or 
permanently negative. This, however, is not so, certain 
bodies, as shown in Art. 98, becoming positive or negative 
according to the nature of the material with which they 
are rvhhed. 

98. List of Positive and Negative Bodies.— The fol- 
lowing is a list of bodies arranged according to the order 
in which they become positively or negatively electrified 
on being rubbed together, the higher body on the list 
always becoming positive towards the lower, and the 
lower, vice ^ersd, always becoming negative to the higher. 

15. Besin. 

16. Amber. 

17. Sulphur. 

18. Gutta-percha. 

19. Collodion. 

20. Gun-cottoQu 



1. Cat's skin. 

2. Flannel 

3. Ivory. 

4. Bock crystal. 

5. Glass. 

6. Cotton. 

7. Paper. 



8. White silk. 

9. Black silk. 

10. The dry hand.' 

11. Wood. 

12. Metal. 

13. Caoutchouc. 

14. Sealing-wax. 
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It may, however, be noticed, that no two authorities 
agree precisely as to the exact position of several of the 
ahove bodies on the list. This is no doubt owing to the 
difficulty of ensuring absolute identity in the chemical com- 
position, temperature, and other physical and mechanical 
conditions of the bodies experimented upon. The student 
is strongly recommended to study the order of the above 
list, practically with the aid of the vneocpensive and readily 
constructed apparatus described in the body and Appendix 
of this book (see Art. 110). 

99. EfTect of the Nature of the Surface on the Elec- 
trical State of the Bubbed Bodies. — ^As previously indi- 
cated, the electrical state of the rubbed bodies varies with 
the physical and mechanical condition of their respective 
surfaces. 

ExFEBlUENT I. — Rub a small disc of polished with a similar 
disc of roughened glass. The poUehed glass will become poai- 
Ovely, the rougJien^ ^ass negatively chai]ged. 

BxPERiKEKT II.— Kub two similar pieces of warmed silk rib- 
bon (cut from the same strip), so that the one shall be rubbed 
across the other. The one which is rubbed lengthwise will become 
positive, the one which is rubbed crosswise will become negative. 

As a general rule it would appear that when two 
simikMr substances are rubbed together, that that body, 
the particles of which are most easily displaced, is the one 
which usually becomes negative to the other. 

100. One kind of Electricity cannot be developed 

without the other. — ^All the experiments hitherto de- 
scribed tend to show that one kmd of electricity cannot 
be developed without the other. Whenever two bodies 
are properly tested after being rubbed and electricity 
developed, the one body is found to be positively and the 
other negatively electrified, and no method has yet been 
able to be devised by which one hind of electricity only 
is developed. It is therefore inferred to be a general law 
that one kind of electricity cannot be developed imthout 
the other, 

101. Equal Quantities of the Two Kinds of Elec- 
tricity are always separated or developed together at 
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the Same Time. — ^Dub h.v vaa first demMUtrated hy 
Faraday, who also first defiaed the following ^wriments : 



ibeU-lae (ses fig. 4S) 

(b.) Warm tlie«&eU-Iae and jfim- 
wi, and then draw the Sumd cap 
Reveral times Totmd the ehell-lao 
rod by the tilt thread. 

(e.) QuicUy remove &e flannel 
tap bj meana of the tili thread and 
test hj gold-leaf eUctroetope (see 
Art 113), it wUl be charged vith 
pogUivt electricity. 

(d.) Immediately teat the fAeS- 

will be foimd to be charged with 
ntgalive electricity. 
; (e.) Itepeat the proceBses de- 
scribed above in paragrapha (a) 
and (&), and teat the end of IJie 
shdl-lac rod and,/liin>iel tap before 
Fis. 4S. — Simple Apparatm tepamiing them. No appartnt 
lor proving that Eqdai. effect is produced on the leaves of 
QuAM-rrnss or the two the electroBcope. 
KINDS OF Electricity abk 

DETELOFED AT THE BAKE Tuo uusrence IS, theififore, 

TIMS. tliat the effect produced on the 

A. Bid of sheU-lac rod. leaves of the electroscope by 

c; Silk th^ for tnming ^^ P^J^f^"^ electricity of the 

the cap rapidly ronnd A, JtaMnel is exactly netitralued, 

BO aa to develoi» the two bytheeffect of an «yi«Ji?aitiouiit 

eleotridtieH by friction. of electricity of the opposite 

kind on the surface of the sheU-lac. 

ExFEBIifENT n. — (o.) Rnb a piece of ruin agtunet a piece of 
gloat, having previously attached a sdh thread to each. 

{b.) Snapend the excited glau in the middle of an insulated, 
hollow, metallic, untlectriJUd vessel, as shown in figs. 60 and 61. 
The tnUnide of Uie inmlaied vessel immediately becomes charged 
with positive electricity, as proved by ita action on the leaves of 
a gold-leaf electroscope. 

(c. ) Remove the excited glass, taking care it shall not lotieh the 
metallic vessel, discharge the electricity of the glatt then rab 
the retin and the glait together m before. 
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(d,) Now let down both the excited glass and the resin by their 
respective sUk threads into the undectrified vessel, taking care that 
the^ neither touch each other nor the sides of the vessel. Chi 
testing the outside of the vessel containing the excited glass and 
resin, it will now be found quite netttral, no apparent effect having 
been produced. 

^ (e.) Carefully remove the resin, taking care nothing touches 
either the glass or the resin. The outside of the vessel will 
immediately become charged with positive electricity as in the 
first case described in paraph a. 

The inference therefore is that an eqital quantity otnegor 
live electricity developed in the resin counteracts the indiu:- 
tive influence of the rubbed glass on the walls of the vessel. 

102. To Determine the Kind of Electricity with 
which a Body is Charged. — ^The student will already 
have learnt practically that all that it is necessary to do^ 
in order to determine the kind of electricity with which a 
body is chargedy is to bring it rtear^ or, if the charge is 
Yerj feeble, into coTvtact with a freely suspended insulated 
pith ball charged with a known kind of electricity, or the 
disc of a gold-leaf electroscope similarly charged, when if 
the pith ball be repelled, or the gold leaves of the electro- 
scope be made to diverge more widely, the body is charged 
with the same kind of electricity as that of the electro- 
scope. If, on the contrary, the pith ball is attracted or 
the gold leaves tend to collapse, the body is neutral or 
chaiged with the opposite kind of electricity to that of 
the electroscope (see Arts. 113-115). 

103. Hypotheses or Theories of the Nature of Elec- 
tricity. — ^Ilie student having made himself familiar with 
many of the fundamental though simple phenomena of 
electricity is now in a position to study and appreciate 
the hypotheses built up by natural philosophei*s to explain 
the nature of the causation by which these phenomena 
are immediately produced. 

Three hypotheses have been proposed to explain the 
nature of the causes immediately giving rise to electrical 
phenomena, viz.: — 

(1.) The twofluid theory of Symmer, which is most 
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generally accepted as giving on the whole the best ex- 
planation of the origin of most electrical phenomena. 
(2.) The one-fluid theory of Dr. Franklin, 
(3.) The TTwUcvia/r or Ekctrioity a Mode of Movement 
theory which is daily gaLoing more acceptance in the 
minds of modem physicists, but which cannot yet hope 
to supersede its more generally accepted rival twofluid 
theory. 

104. The Two-Fluid Theory of Electricity supposes: 

— 1. That cM bodies in their normal or unelectrified state 
are charged with equal quanitties of two peculiar imponder- 
able, highly subtle^ sdf-repvlsive fluids, which are respec- 
tively termed the positive and negative fluids or elec- 
tricities. 

2. That each body possesses an inexhaustible supply of 
each of these fluids, that is, a supply so greal that by no 
process whatever could it be entirely deprived of the 
whole of either one of these fluids. 

3. That though each kind oi fluid or electricity is self- 
repulsive, that is, repels its oivn kind of electricity, the 
opposite kinds mutually attract each other. 

4. That though no body can be entirely deprived of the 
whole of either its positive or its negative fluid, yet it may 
by suitable means be deprived of a portion of eit?ier of 
these fluids. 

5. That it is possible for a portion of either of its 
electric fluids to pass from one body to another, in which 
case the electric equilibrium is disturbed, and the body is 
said to be charged or electrified with that kind of electri- 
city it possesses in excess. 

6. lliat it is possible for that portion of the electricity 
which is in excess in the one body to pa^ss over to, and 
neutraUse an equal quantity of the opposite kind of elec- 
tricity in excess in a second body, and thus restore electric 
equilibrium in both of the bodies. 

7. That the act of electrification hj friction consists in 
the partial sepa/ration of the positive and negative fluids 
in each body, so that the wliole of the positive electricity 
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eeparcUed in the two bodies rubbed together goes to the 
one body, and the whole of the negative electricity thus 
separated goes to the other body. 

8. It is also assumed that matter charged with excess 
of either kind of electricity obeys the same laws of attrac- 
tion and repulsion as the electricities themselves. 

The fluid formed by the combination of the positive and 
negative fluids in eqtial quantities is frequently termed 
the neiUral electrical fluid, r- « 

The electric two-fluid theory differs from the meignetical 
two-fluid theory; the former assuming that the fltuds are 
more or less separable, not merely from the motecuIeSf but 
also from masses of matter; the latter assuming that the 
magnetic fluids are absolutely ins^>a/rdble from the mole- 
cules with which they are associated. 

105. The One-Flnid Theory of Electricity Bupposes:— 

1. That all bodies in their norm>al or unelectnfled state 
are charged with a given definite amount of a peculiar, 
imponderable, highly subtle, self-rqmlsive fluid, the 
quantity of the electric fluid belonging to each substance 
dependmg upon its specific nature, 

2. That when, hj friction or other means of dectrifica- 
lion, a portion of the electric fluid becomes separated from 
one body and passes into another, the second body con- 
taining the excess is said to be charged positively, and the 
first in which there is a deficicTicy is said to be charged 
negaiively. 

3. That two bodies, each containing an excess of the 
electric fluid, repel one another; but tiiat one body con- 
taining an excess is a/ttracted by another body containing 
a deficUfncy of this fluid. 

4. That two bodies each of which is deficient of its 
normal quantity of the electric fluid repel each other. 

5. That two bodies, in one of which there was an excess 
and in the other an equal defidem/cy of the electric fluid, 
would, on being brought together, flrst attract and then 
nefuifralise each other, electric equilibrium being simul- 
taneously restored in both bodies. 
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It was in reference to this theory that the terms posiUvg 
and negative electricity were first used. 

lOe.'^The <' Eleotricity a Mode of Motion" Theory- 
Modem physicists have, extending the analogy of the 
" molecnlar theory of heat," proposed a " molecular move- 
ment" theory of electricity. It has accordingly been sug- 
gested that the two opposite kinds of electricity may be 
supposed to be due to two different kinds of motion of the 
particles of bodies more or less analagous, say to those of 
light polarieed in different planes. 

The division of an electric charge may also be regarded 
as analagous to the division of velocity which takes place 
when a body in motion strikes a body at rest^ or moving 
in the opposite direction. 

It has also been suggested that the phenomena of elec- 
tricity may be due to the interstitial ether which is sup- 
posed to be diffused through the pores of all material sub- 
stances; and that this ether, in addition to the vU)ratorf/ 
motion which produces lights causes a trwnJsloAory move- 
ment which gives rise to the phenomena of electricity. 



CHAPTER VI. 

ELECTROSCOPES AND ELECTROMETERS. 



107. Instmments for Indicating and Measuring 

Electrical Force. — ^All instruments in general use for 
indicating the presence or measuring the intensity of 
statical electricity, are foimded upon the principles of 
attraction and repulsion. Such instruments consist of 
devices, by means of which the mechanical work done 
through the agency of the forces of attraction or repw^ 
sion, generated by the electricity to be tested, can be 
more or less accurately measured by the divergcTice of 
pith balls, gold leaves, or other exceedingly light objects; 
by the detection of magnetic or light metallic needles; 
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OP by the torsion of silk fibres, or very fine metallic 
wires, to the lower extremities of which are suspended 
index needles, the reacHngs being rendered much more 
ddiccUe by the application of exceedingly light mirrors. 
These mirrors are so applied to the needles as to reflect 
the light focussed from the flame of a paraffine lamp on 
to a graduated scale placed at a distance. 

Probably in no department of practical or theoretical 
science has greater ability and ingenuity been displayed 
during the last fifteen to twenty years than in the devis- 
ing and constructing of apparatus for electrical measure- 
meriits; and the thanks of the whole scientific world are 
due to Professors Sir W. Thomson, Foster, Jenkin, Clerk 
Maxwell, Matthieson, and Balfour Stewart, and Messrs 
Joule, Siemens, Yarley, and other English electricians 
for the impulse they have given to scientific research in 
this direction, and for the great resources they have 
opened out to practical telegraphy, and through it to 
commerce, i 

108. Electroscopes (from Gr. elektron, amber, and 
akopeOy I view) are instruments used for determining the 
presence and kind or qiuUiti/, but not the qiumtiti/, of free 
electricity in a substance. 

JSlectroscopes, of which there is an immense variety, 
difler greatly in construction and material. They, how- 
ever, in general, consist of one or more exceedingly light 
bodies, as straws, pith balls, gold leaves, etc., each of 
which becoming charged, either inductivdy or by dii*ect 
communication with the body to be tested, with similar 
electricity, r^el each other, thus proving the presence of 
free electricity in the body under examination. 

Though electroscopes are intended to indicate the 
prescTice and kind only of free electricity, they, by the 
relative degree of the divergence of their leaves or pith 
balls, indicate roughly the comparative intensity of the 
electricity of the bodies tested. 

The following is a list of the electroscopes most gene- 
rally used in tfiis country : — ^The Electric Pendulum (see 
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fig. il), the SboHb, the Donhle Pith-Ball, the BennetCa 
C&ld-Leaf, and the Yolta'a Oondensing ElectroBoope. 

When experiments of moderate delicacy have to he 
made, it is necessaiy to protect the pith balla from 
currents of air; this is generally done by means of a 
suitable form of glass jar, which alsv serves to support 
and visulate the gold leaToa, eta 



I. II. DI. 

Fig. 49. — ELBcmtoacoFKS. 

I. Pith-ball Elentroscope. 

II. Gold-l«aI ElectroBCope. A, Metal disc; B, metal pilUr in 
Bolated by means of vnlcajiite cork, C, fitting into wooden 
air-light cap, D, which cloaea month of bell jar; E, crosa- 
jaeea anpportiii^ gold kava; F, bell jar; GH, iHipt of tin- 
foil comiectinB inside of the jar with the groimd; I, glass 
Teasel oontainmg pumice atone soaked in sn^hnric acid; K, 
wooden stand; LL, gold leareiL 

III. Simple and inexpensive form of Gold-leaf Electroscope, aa 
described in Art. 111. A, spiral of wire in place of diie; B, 
wire benC to form cross-piece ; C, diao, 

109. The Fitb-ball Electroscope (I, fig. 49), conusts 
of a wooden stand with circular groove in which is 
placed a glass bell Jar supporting a broia bail (or metal 
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disc) and wire, which^ passing through a cork or iml- 
canite stopper in the neck of the bell jar, supports two 
pith balls suspended from the lower end of the wire by 
means of coUon or linen (not silk) threads. 

110. The Gold-leaf Electroscope (II., £g. 49), con- 
sists of a nietal disc A (with small hole for connecting, 
when necessary, with bodies to be tested), to which is 
attached the brcisa vnre B E, supporting the metal cross- 
piece E, to which the two gold leaves L L are attached. 

The metal disc and pillar are retained in their places 
by the vulca/nite fitting 0, which is inserted in the air- 
tight polished woodem, cap D, which closes the mouth of 
the glass jar F. 

l^e bell-jar is fitted into a circular groove in the 
mahogany sta/nd K, at the middle of which is placed a 
glass vessel containing strong sulphuric acid for the pur- 
pose of keeping the interior of the jar quite dry. Two 
slips of tinfoil are also gummed against the sides of the 
jar and the wooden base, so that the interior of the jar 
may be brought into connection with the ground, in . 
order to discharge the electricity from the two gold leases 
when they have been repelled so far as to touch the sides 
of the glass. 

UL To Oonstract a Cheap Gold-leaf Electroscope. — 

The following instructions for making a cheap gold-leaf 
electroscope were recently issued to the students receiving 
practical instruction in physics at the science schools, 
South Kensington : 

Take a glass flask, ^^ with cork, bore cork and^^ with 
piece of glass ttcbe 1 inch long. 

Cut zine disc 1^ inch diameter, drill and solder to a 
straight brass wire 8 inches long, drill hole in edge of 
disc. 

Fill glass tube with flake shell-lac, previously rinsed 
with alcohol, warm wire and push through, as in III., 
fig. 49. 

Clean wire and solder on cross-piece of wire, cut away 
cross-piece to f inch in length. 
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Cut two strips of Dutch met<dy say 3 inches long and 
f inch wide, gum each edge of cross-piece, shade from air 
currents, and place ixxjlask. 

Fig. 49, III., shows a still simpler form of construction 
in which the soldering to tyroes, the most troublesome 
part of the work, is dispensed with, the upper part of the 
wire being bent into the form of a flat spiral, and the 
lower end into a convenient form of cross-piece. 





Kg. 50.— Proof-plane. Ex- Fig. 61. — Peoop-plane, con- 
temporised of split whale- sistiuff of metal disc and 
bone and gilt paper, or card glass handle, 
covered with tin-foilt or 
coin for disc. 

112. The Proof-plane is an instrument used for collect- 
ing small quantities of electricity from the surface of 
bodies to be electrically tested, which have a higher 
potential than that of the proof-plane itself. It usually 
consists of a small circular disc of metal, of gilt paper, or 
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of card covered with tin-foil, attached to an insulating 
handle of glass, sealing-wax drawn out into a thin rod, 
shell-lac or ebonite, or even of well-dried whalebone. 
Fig. 50 sufficiently explains its construction. 

When the collector takes the form of a small gilt or a 
light metallic ball, supported by a aUk thread, it is termed 
a carrier ball. For cheap proof-plane, see Appendix. 

118. To Use the Oold-leaf Electroscope.— The electro- 
scope is used (1) to ascertain whether a body is electri- 
cally excited or neutral; (2) to ascertain the quality or kind 
of electricity with which a body is charged. In the Jlrst 
case all that is necessary is to bring the object to be 
tested slowly nearer and nearer the disc of the electro- 
scope until, if necessary, it is made to touch it. If the 
object be powerfully charged, the gold lea/ves will begin to 
diverge when it is at a considerable distance from the 
electroscope. Unless care be taken in such a case, and 
especially if the instrument be a sensitive one, the gold 
leaves will be torn, and the instrument rendered useless. 
It is in general, unless the body be very feebly charged 
with electricity, better to test it by means of the proof- 
plane, as shown in Ajrt 156, and figs. 82 and 92. 

If, as in the second case, it be required to determine 
the kind of electricity with which the body is charged, 
the gold leaves of the electrometer themselves must first 
be charged with a knoion kind of electricity, then if on 
the approach of the electrified body to be tested, or a 
proof-plane charged with a portion of its electricity, the 
gold leaves become still more divergent, the body is dec- 
trifled with the sams kind of electricity as the gold leaves 
are knoton to be charged with; if, on the contrary, they 
become less divergent as the body approaches the disc, the 
body is chai^ged with the opposite kind of electricity. 

114. To Charge a Oold-leaf Electroscope with a 
given kind of Electricity by Induction.— (1.) Bring a 

silk ruhbed glass rod nearly into contact (but not so near 
as to permit of the electricity's passing directly from the 
rod to the electroscope) with the cap or disc of the electro- 
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scope, the gold leaves will become divergent (see B, fig. 
52). (2.) While the glass rod remains nearest the cap of 
the electroscope, touch the Tnetail cap with the finger, 
then remove the finger, (3.) Having removed the finger^ 
now remove the excited glass rod. The gold leaves will 
immediately diverge hj the repvUsion of the negative elec- 
tricity they contain. 
A B C D E 




Fig. 62.— iLLUSTRATINa THB METHOD AND ThEOBY OF ChABO- 
ING THB GOLD-LSAir EUfiOTBOSCOPB WITH NEGATIVE ElEO- 

TBioiTY BY Inductive Action of Excited Glass Kod 

CHARGED WITH POSITIVE ELECTRICITY. 

A, Shows di8c and gold leaves of electroscope in neutral con- 

dition (electric equilibrium), containing e^pAod quantities of 
positive and negative electricity. 

B, Shows decomposition of neviral electricity of disc and gold 

leaves by the inductive influence of the positive electricity of 
the excited glass rod on being brought near^ but not in con- 
tact with disc of electroscope. 

C, Shows the escape of the positive electricity from the disc, 

pillar, and gold leaves of the electroscope, when a path is 
opened to it by touching the disc with the finger. 

D, Shows the collapsed condition of the two gold leaves from 

the escape of their posifiw electricity, the negative electricity 
being hound, disguised, or made captive by the attraction of 
the positive electricity of the glass rod which has not yet been 
removed, 

E, Shows the condition of the disc, pillar, and gold leaves 

after the removal of the excited glass rod has set tilieir 
negative electricity free, 

A therefore shows the neutral state of the electroscope 
he/ore, and E the electric state of the electroscope after 
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being charged inductively by the glass rod, while B,C,D 
indicates the electric chomges taking place during the pro- 
cess of charging. 

To charge the deetroscope with positive electricity, re- 
peat the experiment with a wjtUccmite rod rubbed with 
flannel. In each case the gold leaves will become charged 
indxictively with the opposite kind of electricity as that of 
the body by means of which they are charged. Charging 
bodies with electricity by this method is sometimes de- 
scribed as entrapping electricity. 

Though the tiieory of this process will be best under- 
stood by the student after he has read the chapter on 
Induction, yet it is hoped he will have little difficulty in 
following it intelligently when he has carefully examined 
fig. 52 and its descriptive key. 

116. Experiments with the Oold-leaf Electroscope. — 

The student is recommended to perform the following ex- 
periments, also those described in Arts. 80 and 83, and also 
otiiers he may readily devise, testing the kind of elec- 
tricity with which the various bodies are charged, and 
roughly the relative intensity of the charge^ also the 
relative eondiusting power of the bodies. 

Experiment L — On conductivity. ''Fasten one end of thread 
to hole in cap of electroscope, and other end to insulating support, 
charge proof-plane, and approach to far end of thread." Ob- 
serve if and to wJuit extent tne gold leaves diverge. 

Kepeat this experiment with wet and drv cotton and linen 
thread, with wire, wet and dry silk, and with thin rods of shell- 
lac, whalebone, etc. 

ExPERiHEyT II. — Grind warm coffee berry in a mill, receive 
the warm powdered cofifee in a warm glass tmnbler, and sprinkle 
the fresh groimd cofifee from the class on to the disc of the elec- 
troscope. The ffold leaves will diverge. Test ^e kind of eleo- 
tridty developed in the cofifee. 

Experiment III. — Rub cap of electroscope with warm fur 
fastened to end of glass rod, quickly remove the fur. The gold 
leaves will diverge. Test the kind of electricity. 

Experiment IV. — ^Break up roll sulphur, powder in small 
mortar, drop a little of the powdered sulphur on the cap of the 
electroscope. Test kind of electricity developed. 

9 P 
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ExpEHiMEirr V. — ^Take warm wine-glass, half fill with dry 
mercury f connect mercury with electroscope by means of a wire, 
stir the mercury with dry feather. Test the kind of electricity 
with which the gold leaves diverge, 

E^PERiMXFT VI. — ^Test for kind of electricity developed in 
(1) brown paper rubbed with flannel and with inaia-nibber, 
(2.) Sealing wax rubbed with ^nn€^ and with collodion. 
(3.) Smooth gloM rubbed with silk and with c^t's fur. 
(4. ) Ebonite rubbed with nlk and with amalgamated silh 
(5.) Smooth and rough glass rubbed with silk. 

Write out your result in these experiments, also the inference 
to be drawn from them. 

Expebhosnt VII. — ^Place two large dry corks in the mouths 
of two perfectly dry bottles, warm one of the corks, and using 
the bottles as handles, press the surfaces of the two corks sharply 
together and separate quickly. Touch the cap of a sensitive 
electroscope with each cork, and determine with what kind of 
electricity the warm and the colder cork were respectively 
charged, 

ExFEBiMi&irT VIII. — ^Blow dry powdered chalk from a small 
pair of paper bellows against the cap of the electroscope. Test 
the kiTM of electricity developed. 

Experiment IX. — Project fine steel filings against the cap of 
the electroscope, so that they shall immediatSy glance off and 
leave the cap free of them. Test the kind of electricity as 
before. 

116. Gold -leaf Condensing^ Electroscope, see Art. 

on Condensers. 

117. The Peltier Electroscope, fig. 53, is a form of needle 
electroscope. In its simplest form it consists of a vertical 
brass pillar, B C, expanded in the middle into a thick 
ring A, and at its summit into the brass ball, B. It is 
supported at its base by a fitting of milcanite let into a 
wooden post. From the ceTitre of the metallic ring is 
balanced by the steel point D (which is screwed into the 
bottom of the ring), the light f^dX feebly magnetised com- 
pass needle, n, «, to the top of which is fastened at riglit 
angles the long thin light rod or needle of brass, or still 
better of alv/minium wire, EF. 

The magnetic polarity of the compass needle should 
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be barely sufficient to cause it to come to rest in the 
plane of the magnetic meridian. The sides of the in- 
strument are protected by a glass cylinder from currents 
of air. 

To use the instrument — (a.) Place it so that under 
the influence of the magnetised 
needle, n,8, the wire, EF, shall 
almost be in contact with, but still 
shall not touch the sides of the 
ring A. 

(6.) Bring the electrified body 
to be tested into contact with the 
metallic knob B, the instrument 
being in a neutral state. 

The electricity will thus (the 
electrified body being at a higher 
potential than the instrument) 
flow through the knob into the 
metallic ring and wire needle EF. 

The sides of the ring thus be- 
coming charged with the same 
kind of electricity as that of the Fig. 63. — Thi Pbltieb 
needle will r^ it, thus indicat- Electroscope. 

ing its charged or electrie con- ^^' /{^^''^!K^F'^''^A%'^' 
jT^. .1 J . ■!.• "L 'i. • panded at the middle 

dition; the degree to which it is f^^ ^ ^J^g 

repeUed also indicates roughly D, Vertical steel point. 

the comparative intensity of the EP, Li^ht brass or 

electric charge of the body. aluminium wire, n, », 

ixT'.v J-/S X* magnetised needle snp- 

Witii some modifications,^ as ^^^ eF, and dire^ 

by fixing two metallic arms im- ing it when not elec- 
mediately below and at right triiied. 
angles to the ring, so the ends of the long light needle 
EF being bent so as to be brought as near as possible 
without absolutely touching the arms; and attaching a 
circular graduated scale immediately below the arms, this 
apparatus is converted into a good and useful electro- 
xneter, the Peltier electrometer. 

In the Peltier electroscope the resistipice of the/eehli/ 
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magnetised needle is substituted for that offered by the 
twisting of the thread in the torsion electroscope. 

118. Electrometers (from Gr. elektron, amber, and 
rnetron, a measure) are instruments used not only for 
determining the kind of electricity present, but also for 
measuring its intensity. 

The elecPrometers most commonly used in this country 
for measuring or illustrating the mode of measuring the 
intensity of the free statical electricity present in a body, 
are the Henley^s Quadrant, the Coulomb's Torsion, the 
Peltiers, and the Thomson's Quadrant electrometers. 

119. Henley's Quadrant Electrometer consists (see 

fig. 54) of a brass pillar h, c, to 
the upper half of which is at- 
tached a quadrant d, but more 
usually a semicircle of ivory, 
wood, or card graduated at its 
outer edge into degrees. . To the 
centre of the quadrant is attached 
an index of baked wood or straw 
terminating in a pith ball a, and 
movable on the centre in a ver- 
tical plane. 

To 1^6 this instrument all that 
is necessary (see fig. 54) is to in- 
sert the pivot at the lower end of 
the pillar into a hole drilled for 
that purpose in the prime con- 

Kg. 54.-Henley's Quad- ^^^^^ ^^ ^^^ ^^ *^® Leyden jar 

BANT Electbometeb. to bc testcd, or to place it by 

6, c, Metal pillar; means of its foot, so that the 

d, graduated semicircle or lower end of the metal pillar 

a, pith bSl'and index; ^^^U be in contact with the body 
D, wooden foot to sup- to be tested. The pith ball a, and 
port electrometer when the metal pillar h c, thus become 
not in use. charged with the same Mnd of 

electricity, the pith haU and index are therefore r^eUed, 
the degree to which the index rises measuring roughly 
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the intensity of the cliarge. Fig. 55 shows a somewhat 
different form of quadrant electrometer. 




"Fig, 55.— ^Mbasxtbino Electbio Tensiok bt Qxtadbant 

EliECrrBOMBTBB. 

120.^ Coulomb's Torsion Electrometer or Balance 

consists essentially of a glass case containing a needle 
supported from above by a thread, the mechanical resist- 
ance to the twisting or torsion of which constitutes the 
force by which the electrical forces of attraction and re- 
pulsion themselves are measured. The torsion thread 
itself is suspended from a micrometer, by means of which, 
and a graduated scale on the side of the instrument, the 
degree of twisting necessary to overcome the repulsive 
force of the electricity driving the electrified balls (i and 
k) at the end of the needle and the collector asunder is 
determined. The general construction of the instrument 
will be readily understood by reference to fig. 56. 

To Use the Torsion Electrometer, — (1.) Having levelled 
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magnetised needle is 
twisting of the thread 

118. Electrometers 
matron, a measure) .* 
determining the IciivJ 
measuring its intensit 

The electrometers m 
for measuring or illuh* 
intensity of the^ree st 
are the Henley's Qn:t 
Peltiers, and the Thoi. 

119. Henley's Qua 




Fig. 64. — Henley's Qua 

BANT ELECJTROMETErv. 

b, Cf Metal pillar; 

df graduated semicircle i 

. quadrant; 

a, pith ball and index; 

D, wooden foot to sr. 

port electrometer wh 

not in use. 

electricity, the pith !'■ 
the degree to which 
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(2.) First charge a proof-plane with electricity from the 
"body to be tested, then bring the charged proof plane into 
contact with the collector {l k) which immediately im- 
parts a portion of- its charge to the needle ball {%) and 
repels it. 

(3.) Twist the needle and gilt ball back to or within a 
given number of degrees of the collecting ball (Jc) by 
turning the milled head (6) in the opposite direction to 
that in which the needle was repelled. The repulsive 
force of the electricity in any two charged bodies is pro- 
portional to the respective amounts of turning (twisting 
of the thread) measured in degrees on the two scales 
necessary to bring the needle back to the same position 
in each casa 

ISl. Laws of Electricity. — ^The student who has at- 
tentively followed this and the preceding chapter must 
by this time be in a position not only familiarly to know, 
but to understand the following qualUative and quantita- 
tive laws. 

Lav L— LQce «l6Ctrlcltle8 Bepel, unlike electricities Attract, 
eacbotber. 

Law IL— The Attractlonfl and Repnlsloiui between two Electri- 
fied Bodlee are Inversely as the Squares of their Distance. 

' Law m— The Distances remaining the same, the Force of AU 
traction or Repulsion between two Electrified Bodies Is directly 
as the Product of the Quantities of Electricity with which they 
are charged. 

The two latter laws were established by Coulomb by 
means of the electrometer just described. 

The student should also be able to recognise clearly 
the respective differences between the forces of Electricity, 
Magnetism, and Gravitation. See Sees. 29, 30, Appendix. 

122. An Absolute Electrometer, capable of measuring 
the electric force in definite units, has been constructed by 
Sir W. Thomson, but only the advanced student would 
be able to comprehend its principles and details. 

For Thomson's Quadi-ant Electrometer, and £ohnen« 
berger^s Electroscope, consult Index. 
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CHAPTER Vn. 

ELECTRICAL INDUCTION, 

123. Electrical Induction. — Whenever an electrified 
body is placed near, but sepa/rated from, another body 
(so that its electricity cannot escape from the one body 
to the other) by a wm-conductor, the former acts upon the 
latter: if neutral^ decomposing its neutral electric fluid; 
or if it be already electrically cha/rged, more or less dis- 
turbing and displacing such charge. To such action the 
term induction is applied. 

Electrified bodies act inductively on aXl surrounding 
bodies. 

Induction is therefore the process by which the electri- 
city in one body, separated from another body, acts upon 
its electricity, so as, if Tieut/rdlj to decompose its neutral 
fluid, attracting its opposite electricity to the Tiearer end, 
and repeUing its similar electricity to the more remote end 
of the body; or, if the latter body be already eha/rged^ 
causes the displacement or re^listribution of its electricity. 

Induction always takes place when two or more bodies, 
at different electric potentials, are separated by an insulat- 
ing medium. 

In the case of a thick cake of insulating material, as of 
glass, vulcanite, etc., we may suppose one electrically 
excited surface of the cake to act by induction on the 
other unelectrifled surface, through the dielectric substance 
of the cake itself. 

Bad conductors are acted upon by induction less readily, 
but more permamenMy, than good conductors. 

The electrified body by which the induction is set up 
is termed the indvAsing body, the electricity separated by 
its action induced electricity. 

124. Experimental Illustrations of Electrical Induc- 
tion. 

ExFEKiMENT I. — (a.) Bring a rod of mtcanite^ excited by being 
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rubbed with warm flannel, near one end of a toooden kUh, balanced 
on a Florence flask, and at the other end of whicb a gold-leaf 
electroscope is so placed as to be near, but not in contact with, the 
lathy as shown in ng. 57. 




Tig, 57. — Showiko iKDvarmt AonoN of Excited Vttlganite 
OS Insulated Wooden Lath and Gold -Leaf Elegt&o- 

8C0PS. 

The end of the lath near the vnlcanite will become temporarily 
charged with positive ^ectrici^, while the remote e^id of the lath 
will oecome temporarily negative. The negative electricity of the 
remote end of tne lath, again acting inductively on the electro- 
scope, will attract the opposite elecmcity to the caj^, and repel 
the same kind to the ^la leaves, which thus becommg charged 
with negaiM)e electricity will repel each other. The whole of 
these aetions and reactions are shown in fig. 57. 

(6.) Bemove the excited vnlcanite, the separated electricities 
will immediately recombine, the wooden lath and the gold leaves 
of the electroscope immediately returning to the state of electric 
equiUbri/umt the latter in consequence immediately ceasing to 
Sverge, The ends of the lath and the gold leaves of the electro- 
Bcope were therefore only tra/nsiently charged. 

(c.) Repeat the ezpenment, but before removing the excited 
vulcanite touch either end of the rod with the finger, (hi remov- 
ing the vulcanite the wooden lath will be found to be permanently 
charged with the opposite or positive electricity. 

(d, ) Instead of touching the end of the lath, as described in the 
last paragraph, touch the cap of the electroscope with the finger. 
On removing the vulcanite rod, the wooden lath, and electro- 
scope, the wooden lath will be found to have returned to its 
neutral state, but the leaves of the electroscope will remain 
dAvergentj because permanently charged with positive electricity. 

££pXBiMENT n. — Bring an excit^ silk -rubbed glass rod near 
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one end of an insulated unelectrified cylindrical conductor (C), its 
remote end bein^ in connection with the electroscope (E) by 
means of a metaUic wire (W) proceeding from and inserted in the 
hole in the cap. (See fig. 58.) 




Fig. 68. — Showing Inductivb Action of Excited Glass Rod 

ON CrLINDRICAL CONDUOTOB (C) STANDING ON GlASS LeG, 
AND ON ElEOTEOSCOPE (E) CONNECTED WITH IT BY WiEB (W). 

The gold leaves will now diverge, from the repulsion of the posi' 
tive electricity from out of the conductor through the wire into 
the electroscope, by the inductive action of the glass rod. 

Electrify the conductor and electroscope both transiffiUly and 
permanently, as in the last experiment* 




!B'ig. 69. — Showing Inductive Action of Extbbed Glass PillAb 
ON NEiJTftAL Metal Cylinder Mounted on Glass Leg. 

Experiment III. — ^Repeat the last experiment, as in fig. 59, 
Substituting electric pendulums for the gold-leaf electroscope, the 
two ends Tml become electrically charged, as shown in the figure, 
the intensity of the indvx^ed charges diminishing towuds the 
middle line, but being a little nearer the inducing body than at tho 
medium line. 
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CxPBRiMBKT IV. — Test electrical condition of table, when 
electrical machine is at work, by means of proof -plant and gold- 
leaf electroscope, 

ExFEBiMENT V. — Test electrical state of oAr and of watts of 
room, when a powerful machine is at work, with proof-plane 
or cotton wick attached to end of lon^ pointer held in the 
hand by means of folds of vnlcamsed india-rubber, the metallic 
disc and the cotton being connected with gold-leaf electroscope by 
thin copper mre. 
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125. The Induced Electricity in one Body acts Induc- 
tively on Adjacent Bodies. — If a silk-rubbed glass body 
A, or a positively electrified insulated conductor, be 
placed near an insulated unelectrified metallic cylinder 
D (see ^g, 59), it will act indiLctively upon it, attracting 
its negative and repelling its positive electricity, as pre- 
viously explained. 

• B D A 




Fig. COl — Showing Actiok of oms Induchysly Electbifded 

Body on Another. 

A, Inducing body (excited glass vessel)* 

B^ G, J), Ii^ulated conductors charged with induced electricity. 
The disturbance of electrical equilibrium is shown by tho 
electric pendulums mounted on the ends of the conductors. 

If now a second similar t^r^electrified insulated con- 
ductor (0) be placed near the first, the end most remote 
from the inducing body will act similarly upon it. If^ 
again, a third insulated neutral conductor (B) be placed 
near C, it will be acted upon in a like manner, and 
BO on. 

126. The Induced Charge is equal to the Direct Charge 
produced by Contact of the Inducing Body. — Faraday 
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demonstrated this &ct b^ the following device Qsaally 
known as the lee Fail Ea^iervmeni: — Faraday connected 
the outBide of an inmUated metallic ice pail (Y), about 10 
inches high, and 7 inches in diameter, with the cap of a 
gold-leaf electroscope (E). Into the interior of the neutral 
resael he let down, so as tu>t to touch its sides, a pontively 
electrified brass ball (B),bymeansofapeTfectl7 dry white 
Bilk thread (3) 3 or 4 feet long. Immediately the electri- 
fied ball entered the Teasel, the gold leaves began to diverge, 
obtaining their fnaosimum divergence vheu it arrived at 
about 3 inches below the mouth of the vessel — ^the d^ree 
of divergence remaining wnehanged as the ball sank deafer 




Fig. 61, — Pabadat's lea Fail 
EspsanfEKT. 

y, Metallio vesBel charged pott- 
tivtly an its outer, and negtUivelg 
on its inner eoriaco by the in- 
daction of B. 

B, Brass ball, cbarged with posi- 
tive electricity. 

E, Gold-leaf electroscope. 

W, Wire-connooting vessel, with 
electroscope. 

I, Insnlating stand. 



Tig. 62.— Fabakav's Fotnt 
Ice Pails Expirimeht. 

Consisting of four tnetallio 
vessels, three of which 
are arranged within, and 
insviated Irom each other 
by balls of glass, ahell-lac, 
or vulcanite. Other ar- 
rangements the same as 
those of fig. 61. 

S, Silk thread. 
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into the vessel. He now removed the electrified ball 
entirely away from the vessel, the gold leaves immedi- 
ately coUapsed, 

On repeating the experiment the gold leaves diverged as before. 
The dectrified ball was now allowed to touch the inside of the vessel; 
the gold leaves still continued to diverge as before contact. On 
removing the ball it was found to have lost all trace of electricity. 
The electricity had passed from the ball into the vessel, which 
was now electrified by direct contact. The equal divergence of 
the gold leaves, before and after contact, therefore, proves that 
the quantity of induced electricity received by the exterior of 
the vessel was exactly equal to the quantity it received by direct 
conduction. 

The neutraliaation of the walls of the vessel, on the 
withdrawal of the electrified ball, proves that the quan- 
tity of negative electricity in the inner wall of the vessel 
must have been just equal to that of the positive electri- 
city distributed over the surface of the outer wall, imder 
the inducing influence of the positively charged ball. 

Faraday afterwards modified this experiment by the use 
oi four ice pails, arranged as shown in ^g, 62, with the 
following results: — 

(1.) When the electrified baU was let down to a distance of 3 
inches from the bottom of the inner vessel it produced the same 
effect as when one pail only was used. 

(2.) When the etectrifiedball was let down into contact with the 
bottom of the inner vessel the gold leaves still diverged, as in the 
case of the first experiment with one vessel only. 

(3. ) When the inner vessel, now charged by contact with the 
electrified ball, was removed by means of silk threads, the gold 
leaves collapsed, 

(4.) When the inner vessel, thus charged, was again let down 
(by the silk threads) to the place it previously occupied, the gold 
leaves again diverged as before. 

(5.) On the two inner vessels being connected, by means of a 
wire let down by a silk thread, no change in the divergence of the 
gold leaves was produced. 

(6.) On similarly connecting — firstly, the second and third 
vessels ; and, lastly, the second and outermost vessel (in the 
latter case all four vessels being electrically connected) — the 
divergence of the gold leaves still remained unchanged 

From the above experiments it thei-efore follows : — (a), 
That not only does one inductively electrified body act on 
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another, but also that no force is lost in the transmission 
of such inductive effect from one insulated body to another. 
(6), That the electricity developed by induction is equal 
in quantity to that of the inducing body. 

127. To Charge a Body by Induction. — (1.) Bring a 
charged body, as a negatively electrified rod of vulcanite^ as 
near the insulated neutral conductor to be charged as 
possible, without allowing the electricity to escape from 
the inducing body. 





Fig. 63. — Showing Method of Chabging Insulated 
Conductor by Inducthon. 

(2.) While the inducing body is Tiearest the conductor, 
touch either end of the latter with the finger, or a wire 
connected with the ground; that kind of electricity which 
is similar to that of the induing body will be driven 
out of the conductor into the earth, as shown in the 
diagram. The conductor will thus become charged with 
the opposite electricity to that of the inducing body, but 
in a bound, captive, disguised, or latent state, under the 
aWroc^ we influence of the latter. 

(3.) Having previously removed the finger, now remove 
the inducing vulcanite rod. The bound positive elec- 
tricity is set free, and diffuses itself over the surface of 
theconductor. (See Arts. "Free"and "Bound Electricity.") 

If the conductor be constructed of two equal parts, on 
separating them while under the inditctive influence of 
the electrt/ied body, and before either of them has been 
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touched by any conducting substance, they will be found 
to be charged with opposite electricities, that of the more 
remote half being of the same kind as the inducing body, 
and the electricity nearer being of the opposite kind. 

128. To Charge Two Bodies with Opposite Electri- 
cities by the Inductive Action of a Body Charged with 
one kind of Electricity only. — Let the conductor, consist- 
ing of two halves, each mounted on a separate glass leg, 
be acted upon inductively, as described in the preceding 
Article, the two portions being placed together, so as to 
form but one conductor. Let them now (while under 
the inductive influence of the excited glass pillar) be 
separated (see fig. 64.) The farther conductor will be 
charged with the same kind, and the nearer one with the 
' opposite kind of electricity to that of the glass pillar or 
other induxdng body. 
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Fig. 64. — Showino Mode op Chabginq two Bodies with 
different kikds of electricrry by the inductive 
Action of one kind only. 

A, Positively charged glass pillar. 

B, C, Two halves of insulated conductor after separation, having 

been electrified together as one body. 

If the experiment be repeated with two bra§s balls on glass legs 
each ball vmL become differently electrified. 

129. Faraday's Theory of Induction by Contiguous 

Particles. — ^Before the investigations of Faraday it was 
usual among electricians to consider the air as insulating 
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bodies, by its pressure on their surfaces overcoming tlie 
tension and preventing the escape of the electricity. 
Faraday, with his great scientific insight into the nature 
of physical causation^ clearly perceived that this was an 
entirely unsatisfactory explanation of the phenomenon. 
Accoixiingly, he was led to examine the general pheno- 
mena of induction, which he did with great care, ability, 
and most distinguished success, establishing the theory, 
now so generally accepted, known as " Faraday's Induc- 
tion Theory." 

According to this theory the medium through which 
indv/ition takes place is not a passive but an active and 
essential agent in this process, induction being, on this 
theory, a result of the polarization of the particles of the 
medium separating the inducing body from the body on 
which it acts. 

By polarization of the moUmtes is simply meant the 
separation of the electricities of the respective molecules, 
so that owe-Aa^of each molecule becomes positively and 
the other negatively charged. 

B 
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Fig. 65.— Showing Inductivb Action of Positively Elec- 
trified Body on Neutral Body, through the Polariza- 
tion OF Contiguous Particles, on Faraday's Theory. 

A, Insiilated brass ball charged with positive electricity. 

B, Insulated neutral brass ball under Induction. 

v, w^ Xy y, z, Eows of polarised molecules. The black shows 
positive, the white negative, electricity. 

This process will be best understood by reference to 
^g, 66. Let the insulated brass ball A, charged with 
positive electricity, be supposed to act inductively on the 
insulated neutrai body B, through the medium of the 
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rows of particles of air, v, w, x, y, z. The electrified ball 
A acts inductively on the molecules of the row v, attract- 
ing their negative and repelling their positive electricities. 
The positive electricity in the pa/rticles of this row act 
similarly on those of the next row w. In this way the 
inductive action is transmitted to the molecules of the 
last row z, which act upon the neutral body B, the nearer 
side of which thus becomes negatively, and the more re- 
mote positively, electrified. 

All other bodies, insulators (dielectrics) and conductors, 
as glass, shell-lac, the metals, are supposed to act similarly 
to the particles of air in the case just described. 

Faraday explained the difierence between conductors 
and Tion-conduxitors as consisting essentially in the relative 
facility with which the particles of the body under elec- 
trification assumed this state oi polarization. An insula- 
tor would thus be a body whose molecules resisted, with 
more or less force, this state of polarization, but the 
particles of which, having once become polarised, did not 
readily discharge their electricities into each other. 

A conductor, in like manner, would, according to this 
theory, be a body whose contiguous molecules, under 
the action of the inducing body, would readily become 
polarised, but whose particles i^M^ polarised woidd instan- 
taneously discharge their electricities among each other. 
It woxild be easy to show by this theory, did the limits 
of this little book permit, why induction msij, through 
the agency of contiguous particles, extend round a comer, 
and not as was formerly supposed act in straight lines 
only. 

The inductive power of a body varies with the medium 
through which induction takes place. Thus the neutral 
body B, fig. 65, would be more or less powerfully affected 
according to the substance (the dielectric), as air, glass, 
shell-lac, etc., interposed between it and the inducing 
body. Hence dielectrics are said to have "specific in- 
ductive capacities." See chapter on " Condensers." 

130. Induction always precedes Attraction. — If a. 
9 o 
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fositivdy electrified body A is presented to a neutral 

insulated pith ball B, the 
electricities of the ball are 
first aepa/rtUed by induction, 
as shown in &g. 66. The 
pith ball is then attracted by 
the electrified body, because 
though repelled by the 
positive electricity, also de- 
veloped in the ball by in- 
duction, the force of repul- 
sion by its positive elec- 
tricity is so much weaker, 
in consequence of its being 
more remote from the repel- 
ling electricity, than is the 




+ 
+ 



Pig.66.-SHOwiNOTHATATTRAc- attracting electricity of the 
TioN IS PBECBDBD BY Indxtc- positively charged inducing 

A,^o Jtively charged inducing ^g; ^^^ ^ ^^^ ^^ ^^ 

B, Pith ball suspended on sUk foMriJier ode of the pith ball, 
thread attracted by A. which is ttvice the distance 

from the inducing body, to that of another point on the 
nearer side of the ball, the latter will be oMra^^ted with 
four times the force that the former will be rolled. 



CHAPTEK Vin. 



FBICTIONAL ELECTRICAL MACHINES. 

;1S1. A Frictional Electrical Machine is an instru- 
ment specially constructed for the ready and continuous 
generation or sepa^ationf by accumulation or temporary 
storage, of frictional, statical, or Franklinic electricity, 
for the purpose of charging Leyden jars, batteries, and 
for other electrical experiments. They in general com> 
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prise a tube, cylinder, plate, or disc of non-conducting 
substance, usually glasa or vulcanite, yntii arrangements 
for rubbing the same against a rubber of sillc, leatiier, fur, 
etc, and a prime condttetor or a collecting plate for the 
collection and accumulation of the electricity thus gene- 
rated. The eleotrioaJ machines chiefly used in this country 
are: the electrophorus, the cylindrical machine, the ordi- 
nary plate machine, tlie Winter's plate machine, and more 
recently the SoUz'm machine, and the BertscKs machine; 
a powerful Hydro-electrio machine has also been con- 
structed. 

A laige number of a very ingenious and e£Gcient new 
form of frictional electrical machine, termed an " Ebonite 
Exploder" (containing two circular plates of ebonite), has 
also been recently constructed by Messrs. Elliott Brothers, 
London, for exploding mines, torpedoes, eta. 



Fig. £7.— Snovma Mom ov CHUtarao ELEimioniOBDB. 

132. The Eleatroplioras (from Gr. dectron, amber, and 

phoreo, I carry), invented by Volta, is perhaps the simplest 

form of Frictional Electric Machine. It can, however, 

only be used when comparatively »mall quantities of 
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electridtj are required. It usually consists (see fig. 67) 

of two partSy viz. : — 

(1.) A lower disc or generating plate (B). 
(2.) An upper disc or collecting plate (C). 

The lower disc or genercUing plate consists of a fiat 
circular disc of regin, gvUc^^pefrma^ or ebomte (the last 
is best), contained withm or resting on a metallic dish or 
plate, which thus bounds its lower surface, and in the case 
of the resinous plate, also its edges. 

This containing or supporting metallic dish is sometimea 
described as a third part of the instrument, under the term 
conducting plate or sole. 

The upper or collecting plate usually consists of a cir- 
cular fiat disc of metal (or of ivood covered with tinrfoil), 
and furnished with a central insulating handle (G) of glass 
varnished with shell-lac, or of ebonite. The upper disc 
shoidd be about two inches less in diameter than the 
resinous cake on which it rests. 

The efficiency of the instrument is greatly increased by 
(as originally suggested by Mr. PhiUips) pasting narrow 
slips of tin-foil across the surface of the lower (the gene- 
rating) disc ; or by passing a series of brass pins, filed 
level with the surface, through the substance of the resin 
or vulcanite into its sole. In this case the instrument 
may be charged and used much more quickly than with 
the more usual form of the instrument, as it is not then 
necessary to touch it with the finger, as described in 
Art. 133. 

By means of the electrophorus, a very small quantity 
of free electricity can be made (by induction) the means 
of supply of an indefinitely large quantity of electricity. 

The Holtz's and Bertsch's electrical machines — two 
most powerful modem forms of the electrical machine — 
consist of most ingenious applications of the principles of 
the electrophorus. 

133. To Use the Electrophorus:— 

(1.) Wa/rm the instrument so as to make it perfectly dry, 
(2.) Hub or sti'ike the vulcanite disc (so that its entire 
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snrfaoe shall be acted on) several times in succession 
"with a piece of warm dry cat's-skin^ f lur, or a roll of silk or 
flannel, or a fox's tail. 

(3.) Take hold, with the right hand, of the insulating 
handle (0, fig. 67) of the cover ^ and bring it down upon 
the surface of the generating plate, as in a, fig. 67; touch 
the upper surface of the cover with the first &iger of the 
left hand, as in &, fig. 67; raise it by the insulating handle 
(having previously removed the finger from the cover). 
The cover or collecting plate is now charged with positive 
electricity. 

If the charged cover be now brought near the knuckle 
or any good conductor, an electric spark will be produced. 
In this way a Leyden jar may be charged; a mixture 
of oxygen and hydrogen gases may be detonated, as in 
eudiometrical experiments; and other electrical pheno- 
mena may be produced. 

To obtain a rapid succession of such charges or sparks, 
all that is necessary is to quickly replace and remove the 
cover, as described above in process 3. 

The electrophorus, when once properly excited, will, in 
a warm, dry room, retain its charge for many days, or 
even weeks. In a class-room, where many persons are 
breathing, or where the atmosphere is not thoroughly dry^ 
it is necessary frequently to re-charge the lower or resin- 
ous disc, as described in processes (1) and (2). 

134. Theory of the Action of the Electrophoms. — 

The following is the ordinary accepted theory of the 
action of the electrophorus : — 

(1.) The resinous or vulcanite cake becomes charged 
with negative electricity by the friction of the silk, fur, 
or other rubbing material employed, the rubber becoming 
poaitivdy electrified (see fig. 68). 

Pboof. — ^Bring the excited vulcanite or resinous disc near a 
idth-ball electrosco^, or electric pendulnm, charged with nega- 
tivt electricity, it will be repelled, tints proving it to have been 
charged with HmUar, that is, negative ^ectricity, 

(2.) The neutral electricity of the cover^ on its being 
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brought down on the upper sur£Eu;e of the lower disc or 
generating plate hj means of the glass handle, is immedi- 
ately decomposed bj the inductive action of the negative 
electricity in the surface of the vulcanite disc (see fig. 
69). The positive electricity of the cover is thus attracted 
to its lower and the negative electricity repelled to its 
upper surface. 




Pig. 68. — Showing VuLCANiTB 
Cake cuaroed with Nega- 
tive Electricity, resting on 
Metallic Plate or sole in con- 
nection with the earth. 



Fig. 69. — Showing Decomposi- 
tion OP Neutral Electri- 
city IN Collecting Plate, by 
inductive action of vulcanite 
or generating plate. 



Proof. — (1.) Stand a Henley's quadrant electrometer, with 
foot on the top of the collecting plate, the index arm immediately 
rises by repulsion. (2.) Baisc the plate and electrometer from 
the lower disc by means of the insulating handle, the index arm 
immediately falls because of the recornbina4ion of the two elec- 
tricities when removed from the inductive influence of the nega- 
tively charged disc. (3.) Also demonstrate the fact of the 
decomposition of the neutral fluid and recombination of the two 
electricities by means of the proof-plane and gold-leaf electro- 
scope, 

(3.) On touching the metallic plate or cover with the 
finger, its negative electricity, repelled by the inductive 
action of the corresponding electricity in the lower or 
generating plate, immediately escapes (as shown by the 
passage of the electric spark) through the body of the 
operator into the earth (see ^g, 70). The cover is thus 
left charged with a surplus quantity of positive electricity, 
or, in other words, becomes " cJiarged with positive elec- 
tricityj* 
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By means of the electrophorus, or rather by the small 
quantity of negative electricity resident in its resinous 
cake, we are thus enabled to " pump up," as it were, an 
indefinitely large supply of electricity from the earth as a 
common reservoir of electricity. 




Fig. 70. — Showing Escape op Repelled Negative Electricity 
FROM Upper Surface of Collecting Plate, on being 
brought into connection with the earth through contact 
with the finger. 

135. The Action of the Sole, '^ conducting plate," or 
" mould," on which the vulcanite or resinous cake rests, 
tends both to increase the quantity of electricity and to 
render it more permanent, as foUows:— 

(1.) The negative electricity at the upper surface of the 
resinous cake, acting inductively on the neutral electricity 
of the solcy movM, or metallic plate in connection with 
the earth (by means of a brass chain in connection with 
the gas or water pipes), decomposes its neutral electricity 
(see ^g, 69), repdling its negative electricity through the 
chain or other conductors to the eai-th. 

(2.) The positive electricity (fig. 69) thus accumulated in 
tlie mould or sole, acting in return by hiduction on the 
^legative electricity on the U2')per badly-conducting surface 
of the resinous cake, causes it {a) to accumulate in larger 
quantities, {b) to penetrate more deeply into it, (c) to be 
retained more permanently/. 

136. Some writers adopt a somewhat different theory 
of the action of the movM or metallic plate on which the 
vulcanite disc rests. According to thM theory the lower 
part of the vulcanite disc itself becomes positive under 
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the inductive influence of the negative charge of its upper 
sur&ce. In this case the movld would act chiefly by con- 
ducling the repeUed negative electricity from the lower 
part of the vulcanite disc to the ground. Either theory 
would seem in general to explain the phenomena equally 

137. The Cylindrical Eleotrioal Hadiiae (see figs. 71, 
72, 73) consists of (1) a glags cylinder A, supported on 
two pillars C C, usually of well baked wood, and turning 
on a horizontal axis B, by means of a handle D; (2), a 
ntbber with silk flap I, which is made to press agautst 
the revolving cylinder by means of the movable pillar 
L; (3), a hollow metal cylinder E, termed lihe prime con- 
ductor, which is supported by a glass pillar F; the whole 
being supported on a strong wooden base O. The distance 
of the prime conductor from the cylinder and the pressure 
of the rubber are rt^ulated by screws at the base of the 
machine. 



Hg. 71.— CYLINDRICAL Slectbic&l MAcmKic 
One of the chief objects in the constmction of an elec- 
trical machine is to present the largest possible available 
surface of glass and silk to friction. 

The electricity is generated by the Jriction of the silk 
rubber H, against the rotating glass cylinder A, The 
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aiSeJlap, I, tends to prevent the escape or difiiision of Uie 
electricity generated. The prime (xmdwctor, E, ia insu- 
lated in order to preyent ttie escape of the electricity, 
which would othenriee pass down to the earth as quickly 
aa if it was separated by the action of the machine. 



Fig. 72. — VERncAL Plait op Kg. 73.— Bikd's-Eyb View 
Cylindmcal Machine, seen of Ctxikdrical Elec- 

endwiee. trical Macuinb, 

A, Olasa cylinder. 

B, AxU of rotation. 

C, PillsTB supporting cylinder. 
I>, Handle for turning machine. 

E, i'riuie conductor. 

F, fffcisspiMar Bnpporting prime conductor. 

0, Wooden bass of machme. 
H, Eabber, 

1, Flap of oiled Bilfc. 

K, Condudor for collecting tirgaiive electricity. 
L, Glass support for rubber. 

Before patting the machine into action it ia necessary 
to connect the rubber with the earth, by means of a 
metallic chain paaaing from the rubber to tie nearest gas 
or water pipes, so that the negative electricity may eucape. 
On pntting the machine into motion, sparks, accompanied 
by a peculiar snapping noise and tke odour of ozone, are 
immediately observed. 

The quantity of electricity generated with any given 
number of turns of the cylinder, and consequently the 
efficiency of the machine, is greatly increased by covering 
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the surface of the silk rubber with a thin layer of electric 
amalgam (Art. 141). 

While in rise the machine should be kept warm and dry, 
and the glass supports and cylinder should be frequently 
rubbed with warm woollen, silk, or paper dusters to 
remove the moisture and dust which otherwise tend to 
collect about the machine and lessen its action. Linen 
or cotton dusters, which leave a deposit of lint, should 
not be used for this purpose. Great care should be 
taken not to place the machine too near the fire and to 
prevent its being heated unequally, otherwise the glass 
may crack. 

138. The Prime Conductor (see figs. 71, 72, and 73) 
xisually consists of a hollow brass cylinder, with rounded 
or hemispherical ends, and a line of brass points (^-inch 
to |-inch apart) inserted along the surface presented to 
the glass. The prime conditctor is supported by a pillar 
of glass varnished over with shell-lac. The brass points^ 
which are turned towards the glass cylinder, and so placed 
as to be parallel with its asis, and about |^ of an inch from 
its surface, aid in the charging of the prims conductor by 
facilitating the escape of its negative electricity under tho 
inductive influence of the positiveli/ charged glass cylinder. 

189. The Rubber (see figs. 71, 72, and 73) of both 
cylinder and plate electrifying machines usually consicts 
of a cushion of leather filled with horse-hair and covered 
with silk. From the upper surface of the front of the 
cushion a fiap of oiled silk, I, proceeds over the top of the 
cylinder to a convenient distance from the brass points of 
the prime conductor. It is better that the oiled silk for 
this purpose should be oiled or varnished on one side 
only. If oiled on both sides, that turned towards the 
glass should also be well varnished with two or three 
coatings of sheU-lac varnish. 

The ricbber is usually supported from the back by an 
upright and a cross piece of polished wood. If the rubber 
be supported by a brass cylinder, similar to the pnnie 
conductor (but without brass points), surmounting an 
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insulatmg leg of glass, bodies may be charged by means 
of it with negative electricity, on connecting tJie prime 
conductor with the earth. 

140. A Cheap Electrio Machine may be easily made by 
mounting a common black glass wine bottle, in place of the 
ordinary glass cylinder, on a rough deal stand. The end 
of the handle should be inserted in the neck of the bottle; 
ijie cavity at the bottom of the bottle may be filled up 
with a mass of wood, in the centre of which is inserted a 
piece of wire to permit of its i-otation. The requisite 
fittings may be attached to the glass by means of electric 
cement (Art. 142). The prime conductor may be con- 
structed of a wooden cylinder (a piece of silk roller) covered 
with tin-foil, and supported, in the absence of a glass rod, 
on a stick of guttorpercha. A row of common pins (short- 
ened) will serve for the brass points. In the absence of 
liorse-hair the cushion may be stufied with well-dried 
wool. In this way, at the cost of a few pence only, any 
ordinary school-boy may construct an efficient electric 
machine, with which he Ln perform all ordinary electrical 
experiments requiring a machine. 

141. The Electric Amalgam more generally used in 
this country for coating the rubber is a compound con- 
sisting of one part by weight of tin, two of zinc, and six 
of mercury. It is best made by melting the tin and zinc 
together in a crucible, and then adding the mercury, pre- 
viously heated to a high temperature, to the mixture, 
stirring till it becomes too cold. To apply the amalgam 
to the rubber it must first be finely pulverised, and then 
mixed with so much lard or tallow as shall give it the 
consistence necessary to enable it to adhere. It should 
then be spread over the silk surface of the cushion with 
a knife, and rubbed over with brown paper or other con- 
venient material, so as to be spread uniformly along the 
middle of the cushion. Another method of applying the 
amalgam consists in first smearing a thin uniform layer 
of lard or tallow over the rubber, and then sifting the 
amalgam, very finely powdered, through a linen sieve upon 



108 MlGKBTISM A^D ELECTBICITY. 

it, smoothiAg it down more closely by means of a broad 
flat knife. 

Though the amalgam undoubtedly promotes very con- 
sidei-ably the electrical excitation of the machine, its pre- 
cise mode of action is not yet determined. It has been 
attributed to its chemical union with the oxygen of the 
atmosphere; but it is again said that other experiments do 
not strengthen this view. 

142. Electric Cement. — ^A most useful cement, termed 
electrical cement, largely used in the construction of elec- 
trical apparatus, is prepared by melting together in a clay 
pipkin a mixture consisting of five parts by weight of 
resin, one of bees'-wax, one of red ochre, and a little plaster 
of Paris (about one-eighth of the weight of the bees'-wax 
used). Care should be taken so that the temperature 
should not rise much above its melting point, and that 
the mixture should be kept well stirred while being used. 

143. Theory of the Action of the Electrical Machine. 
—Case I. "When the prime conductor is instUated and 
the ruhber connected by means of a metallic chain with 
the earth, as in the ordinary working of the machine. 

(a.) When the neutral glass cylinder or plate is turned 
the friction causes the immediate s^aration of the two 
electricities. 

(6.) The positive electricity thus separated goes to the 
rubbed glass; the negative to the silk rubber, 

(c.) The positive electricity of the glass cylinder attracts 
the negative electricity from the msuhited prime conductor, 
thus leaving it with an eoccess of positive electricity; that 
is, causing it to become positively clw/rged. 

{d.) The neutral electricity of the glass, thus formed by 
the union of its positive electricity with the negative elec^ 
tricity abstracted from the prime condv^ctor, undergoes 
decomposition by separation at the next turn of the 
machine, as shown in a. 

From this it follows that the surface of the glass cylinder above 
the brass points will be charged with positive electricity, while 
that portion which has passea, and therefore lies below Ihe brass 
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points, will only contain netUra^ electricity, or, in other words, 
will not be electrically excited, 

(e.) The positive electricity of the rubbed glass decom- 
poses' an additional quantity of the neutral electricity 
remaining in the prime conductor, abstracting its negative 
electricity (as shown above in c). The negative electri- 
xAby passing into the rubber, already negativdy chai^ged, is 
repelled by ito r^aiive electricity to the earth, or, what 
is practically the same thing, is attracted by the positive 
electricity of the earth. 

If means are not afforded, throngh the medium of a metal chain 
or otherwise, for the additional negative electricity thus separated 
to escape to the earth or elsewhere, no further electrical separa- 
tion can be effected by the machine. 

(/) These processes (paragraphs a, 6, c, d, e,) continue, 
supposing no electricity to be lost by diflfusion, conduction, 
etc., on the machine being turned, until the tension of the 
negative electricity of the rubber and of the positive elec- 
tricity of the prime conductor have become so great as to 
cause them to discha/rge across the glass cylinder or plate. 




Fig. 74. — SttowiNO Passage op Negative ELECTRicrrr /rom the 
insulated prime conductor to the glass cylinder, thence to the 
rubber, and from the rubber to tne earth. — This case is sup- 
posed to represent the action of the machine in ordinary workf 
the prime conductor being insulated and the rubber in connec- 
tion with the earth. 

144. Case II. When the rubber is insulated and the 
prime conductor is connected with the earth by a chain. 

(1.) The machine behaves as just described in para- 
graphs (a) and (6). 
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(2.) The positive electricity of the glass cylinder (U" 
tracts, as in the previous case, negative electricity Jrom 
the prijne condiu:tor, vrhich thus becomes positive; but, 
being now in connection with the earth, immediately 
attracts (see &g. 75) from it a supply of negative electri- 
city eqiuU to that of which it was robbed by the glass 
' cylinder. Both the glass cylinder and the prime con- 
ductor thus return to the neutral state. 




Kg. 75. — Showino Passage of Negativb ELEcraicrrT from 
the eart?^ through the wire (E) to the prime conductor, 
thence to the glass cylinder, and thence to the rubber (K). 
The rubber in this case is supposed to be instUcUed, and the 
prime conductor connected with the earth, as when charging 
bodies with negative electricity. 

(3.) The next turn of the glass cylinder decomposes its 
re-formed nstUral electricity , the negative electricity again 
goiQg to the rvhber, while tiie positive electricity lius left 
is again immediately neutralised by the negative electri- 
city pumped up, as it were, from the earth by means of 
the prirae conductor and connecting wire. 

(4.) On continuing to turn the machine all the processes 
and changes are repeated in the succession described. 

(6.) On presenting any insulated neutral body to the 
negative condv^ctor attached to the rubber it becomes 
charged negatively/, by the abstraction of its positive elec- 
tricity, which goes over to the rubber to neutralise its 
negative electricity. 

From the above it follows that when an electrifying 
machine, whose prime or positive conductor is connected 
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with the earth, and whose negative or rvhber conductor is 
insulated, is put into action, it determines a current of 
negative electricity ^rom the earth through the prime con* 
ductor to the glass cylinder, and thence to the rubber, as 
shown in fig 75. 

146. Case III. When the prime conductor and rubber 
are connected by a chain. 

(1.) In this case also the machine behaves as in the two 
former cases, described in paragraphs (a) and (6), pi^e 108. 

(2.) The positive electricity of the glass cylinder is 
immediately neutralised by negative electricity drawn 
from the prime conductor. 




Fig. 76. — Showiko Passage op Negative ELECTRicrnr /rom the 
positive or prime conductor (E) to the glass cylinder, thence 
to the rubber (K), and bcuik again to the prime conductor. — 
In tMs case the prime conductor and the rubber are supposed 
to be connected. 

(3.) The positive electricity of the prime conductor is 
instifntaneouslt/ neiUralised by negative electricity drawn 
Jrom the ruhber now in metallic connection with it. 

The restoration of electric equilibrium between the 
rubber and the prime conductor is so rapid and instan- 
taneous that neither of them show any signs of electric 
excitement, consequently they neither yield electric sparks 
nor influence the gold-leaf electroscope. 

It follows from the above that when an electrifying 
machine, whose nd>ber is in metallic connection with its 
prime conductory is put intQ work, it simply determines 
the passage of a continuous current of negative electricity 
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from the prime conductor to the glass cylinder (see ^g, 76), 
thence to the rubber, and hack again to the prime con- 
ductor. In this case the successive sepa/rations and neutra- 
lizationa of the two electricities are so supposed to be 
instantaneous, as to be indistinguishable by even our 
most sensitive electrical tests. 

146. Theory of the Process of Charging Insulated 
Conductors by Communication. — ^Three theories, each of 

which, perhaps, in the present state of electrical science, 
serves equally well to explain the processes by which 
insulated conductors become electrically eoccited, or, in 
other words, "charged with electricity," by the actual 
passage of electricity from one body to the other, viz. : — 

1. The theory of subtraction, according to which the 
charging body (that is, the body supplied with excess of 
positive or negative electricity) s^ibtracts the opposite kind 
of electricity to its own from the body under process of 
being charged, thus leaving the latter chaxged with a 
surplus of the same kind of electricity as that of the 
chargm^r body. 

2. The theory of addition. — ^According to this theory 
a body becomes electrified by receiving directly from the 
electrically excited or chsirging body, as the prime con- 
ductor of an electrical machine, a portion of that kind of 
electricity which it contained in eoccess, 

3. The theory of addition a/nd subtraction, — According 
to this theory, which combines the two former theories, 
a body becomes charged with a given electricity, both by 
the abstraction of the opposite and the addition of the 
same kind of electricity. Thus the prime conductor of an 
electrical machine, as ordinarily worked, would become 
positively charged by the simultaneous abstraction of a 
portion of its negative electricity, by the inductive action 
of the positive electricity of the rvhbed glass plate or 
cylinder, and by the escape of a portion of the positive 
electricity from the rubbed glass to the conductor; or, in 
other words, the conductor becomes cha/rged with positive 
electricity, partly by being robbed of its negative electri- 
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city, whicli passes over to the positive glass, and partly by 
its being endowed with positive electricity, which passes 
from the excited glass to the conductor. 

In all cases a body becomes charged positively or nego' 
lively in proportion as it is deficient of an equal quantity 
of the opposite or dissimila/r kind of electiicity : that is, a 
body is not positively or negatively charged according to 
the absolute quantity of positive or negative electricity it 
possesses, but in the degree to which it possesses a svjrplus 
quantity of the one kind over that of the opposite kind of 
electricity. 

As the subtraction theory of the mode of electrifying 
bodies explains all known electrical phenomena as 
thoroughly, and, perhaps, even more simply and briefly 
than either of the other theories, the writer of this little 
book has throughout adopted it exclusively. The student, 
however, who has fully mastered it in its application to 
the various electrical phenomena, will have no difficulty 
whatever in applying either the addition, or the addition 
and suJ>traction theory to all cases of charging by electrical 
machines, or by electrically chargec^ bodies. The student 
should also see clearly that there can be no practical 
difference between a negative current's leaving and a posi- 
tive current's entering a neutral body. It would also, 
perhaps, be as well that the student should always recol- 
lect that probably in no case of electrical excitement does 
a fluid or other substance really leave the bodies under 
experiment — electricity, like heat, being much more pro- 
bably a mode of motion than a specific substance, 

147. The Ordinaiy Plate Electrical Machine differs 

from the cylindrical machine, previously described, chiefly 
in the substitution of a flat circular glass plate for the 
glass cylinder. The substitution of the circular plate for 
tiie cylinder necessitates certain minor alterations of con- 
struction, which will be readily understood on reference 
to figs. 77, 78, 79. The principles of the action of the 
plate machine are precisely similar to those of the eylinr 
drical machine) previously explained. The former is 
9 H 
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more convenient for the purpose of collecting negative 
electeioity from the rvibers, especially when, a^ is usually 
the case with the best machines, the supporting pillars 
(OC) are made of glaaa in place of baked wood. 



Fig. 77> — CouuoN Pl&tb Slbotbicux Uaoeikc 
The most convenient plate machines in general use vary 
from 12 to 30 inches in diameter. The latter, when in 
good condition, should yield a spark from 4 to 6 inches 
long from the prime conductor. Great care is required in 
warming them before the fire, otherwise the plate is apt 
to become unequally heated, and to crack. As a rule plate 
machines are more liable to get broken or injured in uea 
than cylindrical ones. 

Plate machines, as a rule, present a grtcUsr ditUtttee 
between the rubber and the prime conductor than eylin- 
drioal electrical machines of the same genra^ ei« — ths 
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former consequently generate electricity of bigber mten- 
ailv than the latter. 




Fig. 79.— Fbdcb CoiTDUOWB 
Machihe. of Puti Machimb, 

AA, CSrenlar gUu plate. F, Olus Bnpport. 

HE. Two pun of rnbbera. KKK. Condnctor. 

II, Silk flapa attached to mbbera. XX, ComlM of condantor. 
r, BnM kuob for connecting rub- 
ber with eartlL 

60, Wooden b*M of mrmTimn 

148.* The Winter's Plate Electrical Maebiae, which, 
difiering somewhat in details of constructioii tcom the 
ordinary plate machine, poesesses — 

special qualities of excellence, 
more especially the power of 
giving very long iipar^ — Bparka 
three and four times the length 
of those given by the ordiiuuy | 

plate machine — is now, though 
a comparatively modem inetru- 
ment, found in the shop windows I 

of the leading philosophical in- 

■toomcait mainrB rf most large Kg. 90. — A WnBrta's 
towM, The Winto'a pbito Ei^ctiucu. JUohhik. 
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maclime has but one pair of rubbers and oiled silk flaps, 
which therefore permits their being placed at a greater 
distance from the positive conductor than those of ordi- 
nary plate machines which have two pairs of rubbers. 
The glass plate is mounted on a glass axis, and wooden 
fittings are substituted for brass or metallic ones wherever 
possible, by which means a considerable loss of electricity- 
is avoided over that of the ordinary machine. The combs 
of the prime conductor are contained within grooves in 
two wooden rings connected with the ball of the prime 
conductor, and placed one on each side of the revolving 
plate. At the bottom of each groove is a strip of tin-foil, 
which receives the electricity collected by the points. Into 
the top of the large brass ball forming the prime conductor 
of the machine is inserted by a suitable foot, when very 
long sparks are required, a very large ring, 3 to 4 feet 
in ddameter, of peculiar construction. A machine of 24 
inches diameter, in feeble working condition, capable of 
giving a 2-inch spark only, on being fitted with the lai*ge 
ring, immediately gave a 14-inch spark. 

The Winter^s ring consists of a core of thick brass or 
iron wire, surrounded and completely covered by an 
external ring of well-baked polished wood : the internal 
metallic ring terminates in a stem by which it is fitted 
into an aperture in the top of the prime conductor. 

An apparatus, termed the '^ spark drawer," consisting 
of a wooden pillar and foot, supporting a broad flattish 
brass ball, is also used in drawing the long sparks from 
this machine. 



CHAPTER IX, 

DISTRIBUTION AND TENSION OP ELECTBICITT — ACTION 

OP POINTS. 

149. Free Statical Electricity distributes itself over 
find Upsides on the Outside of Insulated Conductors.^ 
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Free electricity in all cases except (a), in the condition of 
an electric cwrrent; and (6), when under the inductive 
influence of an internal insulated electrified body, dis- 
tributes itself over and takes up its residence exclusively 
in the external eurface of an insulated conductor. 

This result is brought about by the self-repulsive power 
of the electric fluid, aided by the conducting power of the 
electrified body. It has been mathematically demonstrated 
that a self-repulsive fluid, liberated from the action of 
gravity, whose particles repelled each other with a /wee 
varying inversdy as the squares of their distances from 
each other, would thus tend to distribute itself in the form 
of a hollow shell over the interior walls of the containing 
vessel 




Fig. 81. — ^Bier's Experiment, showing tendency of electricity in 
insnUted ball to escape to outer surface of insulated hemis- 
pherical caps. 
Experiment I. (known as Biot's Experiment). — Charge a 
large metal ball, properly insulated on a glass stand, with either 
positive or negative electricity by means of the electrifying 
machine. Then bring two hollow hemispherical brass caps, un- 
electrified, but held by glass insulating handles (as shown in fig. 
82), into contact with the electrified ball. On removing the caps 
— ^1»kinff care that they do not in the course of removal again 
touch t£e ball — they will be found, if tested by the electric 
pendulum or cold-leaf electroscope, to be charged with the elec- 
tricity originafly contained in the ball. The ball itself, on bemg 
similarly tested, will be found to have lost all trace of electricity, 
having become quite neutral. 
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TluE eiperimeut in, lioweTer, much mors difficult to p^onn 
Hbaa the de«criptum voold imply. 

/EXPKEIMKNT 11— Charge an in- 
ttalated hollow brass ball contain- 
ing an aperture snfGciently laige 
for the iutrodnction of tlie 'proof' 
plane or carrier-bail into its in- 
terior, (o), Paaa the pro^-plane 
through the aperture into contact 
with its interior wall ; remove and 
leet by means oSgold-Uaf or torsion 
electnimeter. No effect ia pro- 
duced, proving its interior to con- 
tain no free electricity, {b), Bring 
the proqf-plane or carrier-ball into 
contact with its «xlerior, and teat 
aa before : tlie gold leavea imme- 
diately diverge, or Uie needle of 
the torsion electrometer ia imme- 
diately dieted. iThe electricity 
therefore resides ia the outer ear- 
face of the baU. 

ExpEiuifENT HL — Sepeat the 

experiment witli a baaket of mire 

or wire gmae, aupporting the c^e 

work on on iiieiilating tAle, or by 

»-,„„.. , . means o£ the glass hwidle (O, fig. 

Kg. 82.-Showing mode of 83). The electricity wiU stiU & 

testing mtenor of Hol- found resident on ita outer eur- 

Low£LXcrBmBDRu<L,by face. 

meana t£ Peoof-Plahk. ExPEsraitsr IV.— Place a metal 

ball, or any good conductor, in the metallic cage {H B S, fig. 83), 
and hold it, by means of the glasa handle {Q), to the prima con- 
ductor of the machine at 
work. It will be found im- 
> possible to charge the con- 
tained body, though the 
ovtside of the wire cage, 
whentastcd, maybe shown 
to be powerfully charged. 
In this case tbe contained 
ball mnst be smaller than 
the interior of the vessel, 
■ ao as to lie beloa ita upper 
edge. 
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tension of the same by means of tlie proof -plane and torsion or 
Thomson's qpiLodrant electrometer. 

2. Bring a solid brass ball (B), in size and other respects exactly 
similar to the first, into contact with the first ball. The second 
ball is to be insukUed^ but not electrified. After beins brought 
into contact with the first, it will be f onnd, on carefimy testing 
inih iAie torsion or Thomson's quadrant electrometer, that the 
second bail has removed exactly one-half of its charge from the 
fi^t ball — the charge of the latter dividing itself equally between 
the two balls. 

3. Bepeat the above experiment, now using in place of the 
8oUd a hollow brass ball, msulated and in eveiy other respect 
similar to the soUd one. On bringing the charged and tencharged 
balls into contact, as before, the m>Uow ball will be found to have 
taken up the same charge as the solid one ; thus showing that 
the exterior only has to do with the taking of the charge, or, in 
other words, that the electric charge must reside in the outer sur- 
face, and not in the interior of the solid. 

ExPERJiCENT VI. — (a.) Let the insulated brass ball (A) be 
charged with a wnit quantity of electricity 

-A A B A. C 




Fig. 84.— Showiko Divisioir of Electric Charge. 

(5.) Brinff the electrified ball (A) into contact with a precisely 
sixniQar vniSectrified ball (B), they will divide the electric charge 
equally between them, each retaimng^^f'of the former charge of A. 

(c.) Now bring either A or B into contact, as in the last case, 
with a precisely similar nnelectrified ball (0), it will divide its 
charge equally, A and C each retaining now one-fourth of the 
original cnarge of A. 

This law of division was first proved by Coulomb, who 
first established the fact by means of his torsion electro- 
meter, that the intensity of a given charge varied with the 
surface over which it was distributed. 

Experiment VII. — ^Place a wire cover (as a meat cover) over a 
live mouse, bird, or other animal: a gold-leaf electroscope and 
some inflimmable matter may also be placed under the cover. 
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Support the whole on a stool with glass legs, and then chaige by 
means of a powerful electrical machine. Though streams oflong 
sparks ma^r oe drawn from the cover, the mouse and other objects 
below are incapable of becoming electrified — ^the electricity dis- 
tributing itself entirely over the outer suirface of the wire cover. 

The late Professor Faraday, to whose brilliant investi- 
gations in electricity the world is so largely indebted, 
constructed a cubical room, each side of which was about 
12 feet square, the outside of wbich was covered with 
tin-foil and copper wire. The whole was insulated from 
the earth, and powerfully charged with electricity, so 
that it glanced from its exterior in streams of sparks. 
While this large box or room was thus so powerfully 
charged with electricity, Faraday himself spent some 
time experimenting in its interior, applying all the usual 
testing instruments, including gold-leaf electroscopes, 
electrometers, lighted candles, etc., without obtaining 
the slightest indications of the electrically charged con- 
dition of its exterior walls. Professor Faraday, also, 
while lecturing, and when using powerful electric ma- 
chines, protected his delicate gold-leaf and other electro- 
meters by covering them up with loose cotton nets. The 
electricity, which would otherwise have destroyed them, 
was thus confined to the surrounding network. 





Fig. 85. — Faraday's Buttebplt Net Experiment. 

150. Faraday's Butterfly Net consists of a small 
conical muslin, linen, or gauze bag, 4 to 6 inches in 
diameter, and 9 or 10 inches long, attached to the top of 
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a glass rod and stand by a brass ring. The bag may be 
turned inside out in either direction by means of two 
threads of dlk attached, one to the inner and the other to 
the outer apex of the bag. 

ExFEmMXNTVIIL — {a)f Electrify the bag in the position shown 
in the figure, (b), Test tiie inside of the electrically excited hag by 
means of the proof -plane and a sensitive gold-leaf electroscope. 
The electroscope will not be affected, consequently its inner sur- 
face is neutral, (c), Test its outer surface in a similar manner. 
On bringing the proof -plane to the electroscope, the gold leaves 
will immemately diverge, * The electricity therefore resided on 
its outer surface. ^ {d), Turn the bag inside out, tiddng care only 
to touch the inside sUken non-conStcting thread. On testing, as 
before, the electricity will now be found to have changed sides 
also, having left the side in which it previously resided, when 
that side was otUvmrd, and entered that which formerly was the 
tmide, has now become the outside, of the bag. If the bag be 
previously well warmed, and care be taken not to touch it, the 
experiment may be repeated many times in succession. 

161. Effect of Increase of Surface on Electric Charge. 

— If the surface of an insulated electrically excited con- 
ductor be increased (the quantity of electricity in it re- 
maining the same), its resident electricity will diffiise 
itself over its entire (increased) suiface^ and consequently 
become weaker, that is, less intense, in the manifesta- 
tion of its attractive and repulsive powers, and in its 
tendency to escape. 

In this case the electric density, or, as it is sometimes 
more objectionably described, the thickness of the electrical 
stratum, is diminished in the ratio in which the electric 
surface is increased. 

Fig. 86 represents a piece of lecture table apparatus, 
designed to illustrate by experiment the relation between 
surface and quantity of electricity. It consists of a revolv- 
ing metallic cylinder, to the right hand of which is attached 
an insulating handle for rotating the cylinder; and to the 
left hand, in electric communication with the cylinder, is 
placed a ffenle^s quadrant electrometer. On the middle 
of the cylinder is wound a broad sheet of tinfoil, capable 
of being i^wound by means of a siUc thread. The metallic 
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cylinder, with roll of tin-foil, ia aupported and itistdated 
hy means of two glass pillars inserted in a suitable wooden 
stand, with oval opening, to permit of the uwroUing of the 
tin-foil. 



\M for BloBtratiDg Relation at 
o QcABTTTT and SoHFACB. 

ExpEKrMSNT IX. — (a.), Charge the metaUio cylinder {fig. 86) 
and roll of tinfoil with electricity by meatia of the machiua (the 
spparatoa having been previoael; well warmed and dusted). Am 
the appiiratoa becomea charged the pith ball of the electrometer 
CD the left himd nil] gradually rise, until the charge attaina ita 
maximum teugion and denaity. 

" (S. ) Unroll the tin-foil by means of the sUk thread. Aa the tin- 
foil ia unwonnd the electricity, of comparatively high teneion, 
spreads Over the enlarging cmidiKtiag anrface, the pUh ball and 
index of the electrometer gradually falling because of the dimi- 
nished repuUive force of the electricity, until the tin<foil it entirely 
unrolled. 

{c .) Rewind the tin-foil by the handle. As the anrface becomes 
unalier the pUh ball again rises, nntil it baa nearly attained its 
former position. 

ExpEftiuEHT X. — The following is a much cheaper, though 
rougher, form of tbia experiment : — {a, ) Take a stick of glaaa or 
seaung-wai (R R, fig, 87), to which attach, by means of aealing- 
wax or sheU-lac vamiah, a sheet of lin-foil (F) ; connect the lower 
end of the tin-foil by means of a thin viire to the cap of a pith 
tall, or a not Tery sensitive gi^d-Uaf elecUroscopt. 
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) Oha^ the unrolled sheet with electricity by means of tha 
gold leaves will inunediately diverge. 



not to touch the foil with a con- 
dnctor. The gold leaves will 
diverge still more as the anrfaoe 
of the Hn-foil is reduced by its 
being rolled up. 

ExpRRiHENT XI. — 1, Take 
a metallic chain {a), to one end 
of which is tied a piece of «tiX- 
thread (6), and place this in a 
tin vessel (c), supported on an 
ininlatiiig' table with ^ass leg 
(d) ; to the outside of the tin 
vessel attach two pith balls (/}, 
Bnspended by cotton threads 
from the metallic ana (e). 

2. Charge the imuiated vessel 
Mid chain by meaos of the elec- 
trical machine, taking care to 
leave tbe siVi thread hanging 
over the side of the veseel. 

As the vessel becomes else- „. — 

trioally charged, the pith balh *^K- 88.— Mctallio Chadt Ap- 
gradaally divei^e, until they JABATUS toR Illustbatikq 
attain a maximum darergence. Elbctmc DBHSirr, 

_ 3. Saite the chain gt^nally out of the vessel by means of the 
jn!t thread. Am^ the chain is raised, tha conducting surface over 
which the electricity difiuses itself is increased, the divergenee of 
the leaves is tiierdore lessened, nntil the whole of tha ch^. 
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except the end in contact with the vessel, is raised, when the 
pith balls sink down to their minimum of divergence. 

4. Gradually lower the chain below the edge of the vessel, as 
the chain returns within the vessel the pith halls again diverge 
more widely until they have nearly attained their original degree 
of cUvergence, 

152. Effect of Decrease of Snrface on Electric Charg^e. 

— ^The experiments just described also show that if the 
surface of an insulated conductor be diminished (the 
quantity of electricity in it remaining the same), its 
Resident electricity 4l become concentrated on the 
smaller surface, thus consequently becoming more intense, 
and manifesting greater powers of attraction and repyl- 
sion, and a greater tendency to escape. 

163. Electric Density. — By electric density is meant 
the quantity of electricity spread over a given unit of 
area or surface. If we double the quantity of electricity 
contained on any given unit of surface of a conductor, 
we douible the electric density; if we halve that quantity, 
we reduce its electric density to on&-half. 

The term electric density expresses the quantity of 
electricity existing at any given time on a given unit of 
surface or area. Let Q = the quantity of electricity on 

Q 

any given unit of area, and let a = tnat unit, then — = 
the electric density in that place. ^ 

The collection of electricity on conducting surfaces has 
been compared with that of a fluid, say water, collected 
on a given area of surface. If the sam>e quantity of water 
were collected on one-/ia^ the supporting surface, it is 
quite clear its depth would be tvnce as great; if on one- 
third the surface, three times as great, and so on. On 
this analogy, in some respects useful though probably 
false, the term thickness of electrical stratum or layer 
has been used as synonymous with electric density. 

The term electric density is now used with greater 
accuracy by modem electricians, to signify the quantity 
of electricity on a squa/re ceunXirmtre of surface of an 
electrically excited conductor. 
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164. Electric Tension. — By electric tension is meant 
the tendency or the degree of force with which the elec- 
tricity, accumulated on any conducting surface, tends to 
escape. 

Electric tension is frequently confounded, especially by 
the young student, with electric density; but though in 
general we have greater tension where we have greater 
density, yet they are essentially different, the tension at 
a given point being, according to Laplace, proportional 
to the square of the electric density, . JSlectric tension 
has been defined as " the result of difference of electric 
potential:* (See " Electric Potential.") 

165. The Distribution of Free Electricity on the 
Ontside of an Insulated Conductor depends on its 

Shape. — A sphere — If an electrified insulated brass 
sphere be examined by means of the proof-plane and a 
sensitive gold-leaf or still better, a torsion electrometer 
(as described in Art. 156, see also fig. 91), the gold leaves 
will be found to diverge equally, or the torsion needle to 
be deflected equally, from whatever part of the sphere the 
charge be collected by the proof-plane. The electric density 
is therefore the same at all points of the surface of an 
insulated electrified sphere, provided, of course, it be at 
such a distance from surrounding objects as not to be 
appreciably affected inductively by their influence. In 
such a sphere, therefore, the electricity distributes itself 
symmetrically over the entire surface. (See A, fig. 89, 
in which the electric density is indicated by the thickness 
intervening between the outer dotted and the inner black 
line denoting the section of the electrified body.) 

A cylinder — The electric density of a long cylinder 
(B, ^g. 89) with rounded ends is greatest (as shown by 
the divergence of the pith balls and the depth from the 
dotted line), at first suddenly and then gradually dimin- 
ishing from the ends to the middle of the cylinder. 

A cone or ellipsoid — The electric density is greatest at 
its most pointed- extremity, becoming lea>st, as shown by 
the dotted lines and pith balls^ at some point between 
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the two extremities, but nearer the thicker end (see 0, 
fig. 89). 

A B G 






Fig. 89. — Showino Electric Density of an Electrified 
Sphere A — a cylinder B — a conical ellipsoid C — Bi>here8 in 
contact D and £— of an irregular figure F, containing deep 
cavities and high projections. 

156.* Coulomb's Mode of Testing the Distribution 
of Electricity on the Surface of Bodies. — Bring the 
proof-plane^ after discharging any free electricity it may 




Fig. 90. — Showino Mode of Testino Electhic Density ok 
Surface of Ellipsoid or other Bodies by meavs of 
Froof-Flanb. 
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have contained, into contact with any point (say o of 
the ellipsoid, as shown in fig. 90). — Then test proof-plane 
by means of gold-leaf electroscope or torsion electrometer. 
— ^Repeat the experiment with electricity obtained, say 
from point i, — ^Note the greater divergence or torsion, as 
it may be, in the latter case. 

157. lie greater intensity of the electricity at the 
point e, as compared with that at point o (fig. 90) of the 
ellipsoid, may be shown more easily, but with less accu- 
racy, by bringing successively the proof-plane, charged 
witJi electricity, from the respective points (o and i) into 
contact with the disc of a sensitive gold-leaf electroscope. 
After each contact of the proof-plane the gold leaves will 
diverge, but they will diverge to a greater distance with 
the electricity derived from the apex (i), or points near 
the apex, as compared with that derived from points nearer 
the flatter portion (o) of the ellipsoid. 

158. Dispersive Action of Points (Electrical Aura). 
— ^Points and sharp edges counteract or neutralise the 
action of instdatoi's by concentrating the electricity at 
their terminals, until its density becomes so great as 
to cause it to discharge itself into the atmosphere. 
Points therefore prevent the accumulation of eleC'> 
tricity. . 

If the brass ball (D, &g. 91) be placed on the point (C), 
the electric density on the surface of the prime conductor 
immediately rises considerably, as indicated by the Hen- 
ley's quadi'ant electrometer, or as tested by the proof- 
plane and electroscope; on removing the ball by the silk 
thread (e), its electric density imme£ately falls to zero, or 
thereabouts. -^ 

When the prime conductor or other electrified body 
terminates in a point, the electricity escapes from the 
point into the air — ^the particles of the air becoming thus 
charged with electricity of the same kind as that of the 
point, are immediately repelled by each other and by the 
point : other particles rushing in to supply their places 
become similarly electrified and self-repellent, and thus 
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produce a current of air or vrind termed the eleclrical 
aura. (See Arte. 186, 187.) 




6 



Fig. 91.— Showing Elkotbio Dsnsitt at Podtts. 

A, Prime conductor. 

BO, Metallic point. 

xyz, Curve, the depth measured from which to the various 

points of i^e wire shows the relative electric densities at 

those parts of the surface. 
D, Brass ball fitting on to point C by aperture d, 
e, Silk thread for removing ball from point (G). 

159. Exception to Law of Distribution of Statical 
Electricity on Outside Surface of Electrified Bodies. — 

When an electrified body is placed in the interior of a 
hollow vessel, but so as not to touch its walls, the elec- 
tricity of the latter (decomposed by the inductive in- 
fluence of the electrified ball) no longer distributes itself 
exclusively over the exterior surface of the vessel, but 
becomes difi[used over both its exterior and interior 
surfaces. (See ''Ice Pail Experiments," fig. 61.) 

In this case the positive electricity in the ball (B) acts 
indvAitively upon the neutral electricity in the metallic 
vessel (V), attracting the nega/tive electricity to its interior^ 
and repeUing the positive electricity to its exterior surface, 
thus decomposing the neutral into its constituent fluids. 
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CHAPTER X. 

CONDENSERS — THE LETDEN BATTERY — EXPERIMENTS : 
PHYSIOLOGICAL, MECHANICAL, PHYSICAL, AND CHEMICAL, 
WITH THE ELECTRIFYING MACHINE. 

160. A Condenser or Accumulator is an electrical 

instrument by which, through the agency of induction, we 
are enabled, by means of a second conductor, to augmerU 
the quantity of electricity capable of being stored up on 
the surface of the first, an insulated conductor. 

Every condenser consists of two conductors, separated 
by an insulator or dielectric. The one conductor must 
be insulated, the other in connection with the earth, or 
some very large neutral body. The best known forms of 
condenser are the Leyden jar and the Franklin's pane. 

161* ^pinus's Condenser is the most convenient form 
of apparatus for illustrating the general principles and 
action of the electric condenser. It consists (see fig. 92) 
of k central removable disc (C) of glass, shell-lac, or other 
dielectric, supported on a glass leg, and two brass discs 
(A, B) supported on glass pillars, movable along a graduated 
bar attached to the wooden base of the apparatus. The 
disc A, attached to the prime conductor of the machine, 
is termed the collecting plate; the disc B, which, when 
the instrument is in use, is connected with the ground, 
is termed the condensing pla^te. 

162. Theory of the Condenser. — The condenser enables 
the collecting plate to take up a greater quantity of elec- 
tricity from a given source, by binding or rendering latent 
a portion of its charge, by which it is enabled to take up 
an additional cha/rge not only to that it has already taken 
up from the electrified body, but in excess of what it would 
otherwise have taken from that body, but for the aid of 
the condenser. Thus let a neutral body. A, be brought 
into conla^ct with an electrified body, B, the electricity 
from B will flow into A until the electric potential and 
9 I 
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consequently the tenaon of the electricity of the two 
balls is equal; that is, the electricity vill flow irom the 
electrified into ihe unelectrified ball until the repuUive 
tendency to escape from, the previously neittral ball 
equals the repuUive force with which the electricity is 
driven from the elecUified ball. Now it is evident that 
if a portion of the electricity received by A be bound, 



£"ig. 92. — ^PDirs's CoHSSHSBR. 

A, Circular metal disc vwdattd by gloss leg, but connected with 

prime conductor of electrical macMne bj chaiu. 
C, Circolar dielectric (glaiu) disc 

B, Circular metal disc on glass leg, to be connected with earth 

by metaUie chain when the condenser is put into action. 
The ^rinte conductor and metid dines aro in this cose each sup- 
plied with A Henley's quadrant electrometer. The metallic discs 
are also capable of being fixed at reflated distances by mefuiB of 
the bar and scale at the base of the instrument. 

that is, be practically and temporarily deprived of its 
power of resisting the entrance of electricity from B, it 
wiU take an additional charge; also, that ii a portioa 
(if the additional chai^ received be bound, it will 
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agcdn take up an additional share of the charge of B, 
and so on for each additional quantity thus bound. This 
then, theoretically, is the result of the inductive action of 
the condensing plate. 

163. Pree Electricity. — ^When electricity, either posi- 
tive or negative, exists, w?*combined with its opposite kind 
of electricity, and is capable of exerting to a marked and 
obvious degree its attractive and repulsive powers w- 
differerUly on surrounding bodies, it is said to h^free. 

164. Boand^ Captive, Disguised, Dissimulated, or 
Latent Electricity. — When either kind of electricity 
exists uncaui\ymedi with its opposite kind, but is incapable 
of attracting or repelling, or manifesting its inductive 
power on bodies in general, in consequence of the special 
inductive action of an adjacent store of the opposite elec- 
tricity acting through the medium of a dielectric, it is 
said to be bound, etc. 

All tfTicombined electricity, which behaves towards objects in 
general as though it were neutral or absent, is therefore described 
as bound or kUent electricity. The terms /ree and bound, though 
open to objection on theoretical grounds, are still, in the present 
state of the literature and nomenclature of the science, most con- 
venient forms of expression. 

165. Experiments with the Jlpinus's Electrical Con- 
denser, Illustrating Free and Bound Electricity. 

I. (1.) Connect the metal plate (A) with the prime conductor 
of the electrical machine. Place the two plates (A and £) at 
equal distances from the glass plate (C). Put the machine into 
work, — the pith balls of the three (]^uadrant electrometers will 
immediately rise, because charged with positive electricity. The 
electrometers on the prime conductor, and the first disc (A) and 
its supporting arm become charged with positive electricity by 
direct communication. The back of the second disc (£), together 
with its supporting arm, will become charged with positive elec- 
tricity by the indiuitive action of the disc (A), its front becoming 
charged with negative electricity. 

(2.) Move the two discs farther away, the quadrant electro- 
meter on B will f alL Bring the discs nearer — ^the nearer they 
are brought together the more the pith ball and index of each ol 
their electrometers will rise. 

II. (1.) The metallic plates (A and B) being brought close up 
as before, electrify; the pith balls will stand out as before (thi^t 
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of B only sianding off at a greater distance). Now touch B with 
the finger, or, whkt amount to the. same thing, connect it with 
the earth by means of a brass chain, an electric spark passes, 
and the pith ball of its electrometer immediately falls to zero, 
because of the escape of all ita free positive electricity. 

(2.) Now, first, disconnect B with the earth, then disconnect A 
with the machine (removing the chain by means of a glass rod). 
No change is produced. The index of the electrometer of disc B 
remaining at zero, and that of A as before. 

(3.) Touch the disc A with the finger; the whole of its free 
electricity, that is, of the electricity it would have received from 
the prime conductor, without the aid of the condensing plate, now 
escapes, and its pith ball index falls to zero; but, simultaneously, 
that of B rises from its charge of free negative electricity. All 
the electricity which now remains in A is bound or dissimukUed, 
and was obtained from the prime conductor by the inductive action 
of the condensing plate B. 

(4.) Touch the disc B with the finger, and ita free negative elec- 
tricity escapes, its electrometer index simultaneously falling to 
zero, while that of A rises from the setting /ree of a portion of its 
store of bound electricity. 

(5.) Bepeat all the above operations. In this way 200 or 300 
sparks may be alternately drawn from each disc, the electrometer 
indexes also alternately rising and falling on each discharge. 

This mode of discharging the condenser is termed the 
slow dischatgCf and all the electricity thus discharged from 
A, except that discharged by the first touch of the finger, 
was previously stored up through the indv^ctive agency of 
the condensing plate B, in connection with the earth, on 
the collecting plate in connection with the prime conductox*. 

166. Effect of Interposing Screens of Different Dielec- 
trics. — If while the condenser is in connection with the 
electrical machine, the screen of glass be replaced by one 
of resin, sealing-wax, or shell-lac, the charge capable of 
being accumulated on the plates of the condenser will be 
found to vary greatly. Aid that dielectric screen which 
condenses the greatest electric charge is said to have the 
highest specific inductive capacity, 

167. Limits of the Action of Condensers.— The quan- 
tity of electricity which can be stored up on the surface 
of the plates of a condenser is limited : — (1) By the tension 
pf the electricity of the prime conductor; (2) by the di^* 
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tance between the two plates, or, in other words, by the 
thickness of the intervening dielectric; (3) by the cohesive 
power of the dielectric, or the power with which it resists 
frcucture; (4) upon the specific inductive capacity of the 
dielectric used. 

168.* Volta's Condensing Electroscope consists of an 

ordinary gold-leaf electroscope, to the top of which, in 
place of the ordinary knob or small disc, is attached a 
condenser, consisting of a collecting plate and an nppcr 
movable condensing plate with glass handle. The fronts 
of the two plates are covered with thick coatings of shell- 
lac varnish. The condensing and collecting plates are thus 
separated by a dielectric layer of shell-lac. The diagram 
(fig. 116), on p. 163, illustrating the experiment on which 
Volta establi^ed his celebrated contact-theory, shows the 
mode of using this electroscope. 

169. A Fulminating Pane (Franklin's Plate) is per- 
haps the simplest form of electric condenser. It consists 
of a glass plate, coated on each side to about two inches 
from its edge with tin-foil, enclosed in a wooden frame 
resembling a common slate frame. On its imder side it 
is supplied with a small ribbon of tin- foil, which extends 
from the under coating to a small ring at the edge of the 
frame; by this means it is connected with a metallic chain 
which communicates with the earth. 



Fig. 93.~SHowiKa Mods of Chargiko FuLMiNATiNa Fake. 

A, Lower coating of tin-foil connected with the earth. 

B, Upper coating of tin-foil. 

0, Giiuss plate separating the two metallic coatings. 

The general construction and mode of charging this 
apparatus is shown in fig. 93. 
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To cha/tge the fulminating pane, bring the upper coat- 
ing of tin-foil into contact, or within striking distance, 
of the prime conductor of the machine at work, the side 
with the ribbon of tin-foil being turned downwards and 
connected with the ground by a chain, or through the 
fingers and person of the operator. 

170. The Electrified Coin Experiment. — ^Place a sove- 
reign or a shilling on the top of the fvlminaMrig pcme. 
Charge the condenser, as explained in the last Art. Any 
volunteer who is not familiar with the experiment is 
invited to take possession of the coin, on condition that 
one hand is placed and retained in contact with the 
lower coating while he raises the coin with the other. In 
so doing he receives a powerful electric shock through his 
fingers, arms, and chest, and but rarely, on his first at* 
tempt, succeeds in taking possession of the coin. 

171. The Leyden Jar or Phial is the most convenient 
and. portable form of electric accumiUator or condenser 
in general use for electrical experiments. It owes its 
name to the city in which it was invented and which it 
has immortalised. 

In its most ordinary form it consists of (a), A glass jar of 
suitable thickness; (5), of .an inside and an otUside coating of tin- 
foil, reaching to withm 2 to 4 inches from the top of the jar; (c), a 
varnished wooden cap fitting into neck of jar and supporting a 
brass knob, wire, and chain, terminating below in contact with the 
tin-foil coating at the bottom of the inside of the jar. These 
metallic coatings are sometimes termed armatures. For some 
experiments, as that of the electric kite or fish, an op^/i-mouthed 
jar (Harris's form) is to be preferred. In this case the knob is 
supported on a brass wire terminating in a metallic foot resting 
on the tin-foil at the bottom of the jar. 

The efficiency of the jar is greatly increased by a coat- 
ing of shelllac varnish applied to the uncovered portions 
of the glasa The shell-lac greatly retards the dissipation 
of the electricity of the jar, which is otherwise so con- 
siderable, especially in badly ventilated gas-lit rooms, or 
class-rooms in which many people are breathing out 
moisture, as to interfere seriously even with the per- 
formance of ordinary electrical experiments. It effects 
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this by lesaeaiug the tendency o£ the glaaa BUrfa:::i ', 
aitraet and efmdenae the moisture. 



Fig. 94.— Lbidbk JaS3. 
173. Tariona Fonns of the Leydes Jar may be con- 
trived, as; — 

' 1. A ghtu jar filled f of its heiglit nith unter, and so placed 
aa to be aurrouoded with the eonie depth of water on iim exterior. ■ 
Snch a jar miglit ba charged by a metallic chain paaeiiig into the 
water in the inferiOT- of the jar; the water oa its exterior should 
be connected with the earth by a conductor. 

2. A glass jar filled aa before, but held in the hand, as large a 
guf/uce ra the hand as possible beins brought into contact with 
the oaCside of the vessel. This re^y constitutes the original 
form of the jar, viz. : — that of Cuneus, who (1746) gave himselt 
on electric ehoch in. eiperimenting with elfctrififd tuaier. 

3. A glass jar, fitted with cap, knob, and chain, filled j of its 
interioF depth with nails, loosely packed Dutch leaf, lUTroundad 
on its exterior, when being charged, by the hand, water, or any 
conductor. 



and the other on the floor, the two taking bold of each others 
hands by means of sheets of vulcanised iudiariubbet interf osed 
between each band. 
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178. Essentials of a Leyden Jar.— M&ny other post* 

Bible forms of Leyden jars will suggest themselves to the 
Btndeiit, the essentials being only those of an ordinary 
condenser, viz. : — ^two conductors separated by a not too 
thick layer of dielectric. 

174.*Sir William Thomson's Quadrant Electrometer 

is the most sensitive and useful form of electrometer hitherto 
constructed. It consists essentially of a charged Leyden 
jary which acts as a reservoir of free electricity, by means 
of which a light flat aluminium needle, freely suspended, 
but in metallic connection with the interior coating of 
the jar, is kept permanently charged with, say, positive 
electricity. Immediately below the flat needle are placed 
/our brass quadraTits, supported on glass legs. The quad- 
rants are imited into two diagonal pairs by means of 
metallic wires. Each pair of quadrants is supplied with 
a brass knob or handle. 

To use the instrument^ the body to he tested is brought into con- 
tact with the one knob, while iSie other is connected with the 
earth; or one knob is connected with the positive^ and the other 
with the negative pole of a Voltaic couple. ThQ positively charged 
needle will thus be attracted by the one set of quadrantisi and re- 
peUed by the other. The instrument is protected by a class 
shade, the atmosphere in which is kept permanently dry by 
means of a vessel containing sulphuric add, 

176. To Charge a Leyden Jar by the Electric Machine. 

— Case 1 (as ordinarily charged). Bring the knob of the 
jar into contact, or within striking distance, of the knob 
of the prime conductor of the electrical machine at work, 
holding the ja/r in the hand by its exterior coating, or 
supporting it by any other suitable means (its exterior 
coating being in connection with the earth by means of 
a metallic chain fastened to the gas or water-pipe), so as 
to present the knob of the jar to that of the machine, 
as described. 

Cask 2. In which the interior of the jar is charged 
with negative electricity. Hold the knob of the jar in the 
hand, and bring its eocterior coating into contact, or within 
8ti*iking distance, of the knob of the prime conductor of 
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the maclime at work. Or, "wliat amounts to the same 
thing, connect the knob of the jar with the earth by means 
of a metallic chain fastened to the gas pipe; and standing 
the Leyden jar on an insulating stool, bring the outside 
coating of the jar into relation with the prime conductor, 
during the turning of the machine, as previously de- 
scribed. 

The jar will now become charged in a reversed manner 
to that described in Case 1, its inside surface now being 
cjiarged with negative, and its outside with positive elec- 
tricity, 

176. To Discharge a Leyden Jar by Instantaneous 

Discharge. — Connect the outside and the inside coatings 
of the jar with each other by means of a discharging rod 
or a good conductor. This is best done as follows: — 

(a) Bring one of the knobs of the discharging rod (see 
fig. 95) into contact with the ouier coating of the jar. 
{b) Now bring the second knob of the discharging rod 
into contact, or within striking dista/nce, of the knob of 
the charged Leyden jar. 

Immediately the second knob comes within striking 
distance of the knob of the jar, the two electricities — ^the 
positive (in an ordinarily charged jar) from the inner 
surface of the glass, and the negative from its outer sur- 
face—rush together, unite, and neutralise each other, and 
thus restore the electric equilibrium of the jar. This 
combination of the two electricities is termed electric 
discharge. 

The rushing together of the two electricities just described is 
attended by the production of a bright spark and a more or less 
lou<^ sharp, snapping noise, which, on a miniature scale, consti- 
tutes thunder and lightning. Where the electric charge is a very 
powerful one, as in the case of large batteries, it is better to 
stand the Leyden jar to be discharged on a metallic plate-sheet 
of tin-foil, and bring the first knob of the discharging rod into 
contact with it, instead of the outer coating itself, otherwise the 
jar is apt to he fractured at the point of contact. 

177. To Discharge a Leyden Jar by Blow Discharge. 

»— Place the jar, if charged in the ordinary manner, on 
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a glass plate, or a glass-legged stool (fig. 96), taking caro 
in 80 doing to touch its outer surface only, and then 
alternately touch first the knob and then the outside 
coating of the jar, as described in Art. 176. 

178. The Discharging Bod is an instrument used for 
safely and conyeniently discharging the electricity stored 
up in Leyden jars or other condensers or electricity 
accumulators (see figs. 95, 96). 

In its most common form it consists of two curved arms of 
tliick brass wire, Jberminating at their outer ends in brass knobs, 
their inner ends terminating in a compass joint, firmly attached 
by a socket to a glass handle. The joint enables the terminal 
knobs to be separated to the distance required by the size of the 
jar, or of the apparatus to be discharged. The glass handle pre- 
vents the electricity passing into the body, a matter of some 
importance in the case of a powerful battery. 




Fig. ^5. — ^DisoHABOnra Kod, consisHng of two brass movable 

arms with glass handle. 

The French form of discharging rod possesses two glass 
handles, one attached to each movable arm (see B, 
^g, 96), 

179. Henley's nniversal Discharger is the form of 

discharger most commonly used when it is required to 
direct the charge of a Leyden jar or battery, through an 
object with any degree of precision. 

It consists of a wooden: stand, on^ which are supported two 
insulated discharging arms to be connected with the oviier and 
xtmer coatings of the Leyden jar or battery; and an adjustable 
wooden tablet, with shp of ivory inlaid crosswise for the sup- 
port of the objects experimented on. Its construction will 
readily be understood by reference to fig. 96, and its key. 

180. A Leyden Battery consists of a series of Leyden 

jars usually placed in box or tray, the bottom of which is 
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lined with tin-foil, which thus electrically nnitea the 
ea^erior coatings, their interior coatings being nnited by 
means of brass rods connecting together the knobs of the 
jare {see0g. 96). 



A, I-eyden battery. 

B, Frencli form of ^Bchargiag rod. 

C, Henley's uoiversal diacSarger. 
ISlXnuttging by Cascade. — A series of imulaled 

Leyden jars placed in succession, so that the tin-foil 
coating in tbe interior of the one jar is in metallic con- 
nection with the exterior coating of the next, may be 
charged simullaneoutl)/ by one slid the same charge from 
the electrical machine. 

182.*Tlie Hsnis's Uait Jar is an instrument by which 
the charge of a battery or large jar ia measured by means 
of a gmall Leyden jar. It usually consists of a small 
lelf-discharging Leyden jar, 4 to 6 inches long, and 1 to 
1^ inches diameter, supported hori^xtmtailt/ on a glass leg 
with iron foot. 

To the brasi rod (wbich is roughly gradaated) ropporting the 
knob connected with the in»«r coating of the jar, is attached a 
ittovahU arm, sliding along the horizontal rod by means of a 
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Bpring or tube, so that it may be set at at any fixed distance from 
a second brass knob connected with the exterior coating. If the 
sliding knob be brought Tiear the latter when the interior coating 
is in connection with the electrical machine at work, the dis- 
charges between these knobs succeed each other rapidly, but 
are of low tension; but if the knobs be placed much farther 
apart, the discharges are much less rapid, but are of far higher 
tension. 

When the knob communicating with the interior of the unit jar 
is connected with the electrical machine at work, its outer coating 
being in communication with the knob of the Leyden battery to 
be charged, the latter will become charged with as many times 
the electricity contained by the former, as is equal to the number 
of electric sparks passed between the knobs of the unit jar during 
the process of char^g the boMery, The battery in the case is 
charged by the positive electrioi^ repelled from the outside of 
the unit jar. 

188. The Electric Charge Besides in the Outside 
of the Glass, and not in the Metallic Coatings. — 

Charge a Leyden jar with movMe tin coatings (see A, 
^g, 97) in the ordinary way, and then after placing the 
charged jar on a glass plate, then : — 

1. Bemove the inner tin coating, I, by means of the glass tube 
t, and place it in the interior of the uncharged glass jar, B. 

2. Kemove the outer coating, 0, and place it on the exterior of 
the uncharged jar, B. 

3. Lastly, replace the coatings removed from the charged £^aa8 
jar, G, by fresh tin coatings, C and D. 

If the two Leyden jars be now discharged, that containing the 
glass jar originally charged will be found to contain a powerful, 
while that contaming tne tin coatings, originally charged, will 
be found to contain only a vexy feeble electric charge; thus proving 
the charge to be confined almost exclusively to the surfaces m 
the glass, 

184. Besidnal Charge. — After a Leyden jar has been 
once dischargedy a second, and even third, or fourth dis- 
chai*ge, may be obtained after short intervals of time; 
thus showing that a portion of its charge must have 
penetrated into, or rather beloWy the surface of the glass. 
The feeble charge thus retained is termed the rest- 
duail charge, or the electric residue. The residual 
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charge is Bometimefl tenned the secondajy, tertiary, eta, 
chai^ 



A, Leaden jar with movable tin coatinga (0, outer; I, itmer 

coating; and G, glan jar). 

B, Glass jar with matallia coatings removed. 

C, Outer coating. 

V, Inner coating, with glass tube for removing and repUciog 
it in interior of tft^. 

18S. Experiments I. to IX — Pbraiologioal, Phy- 
sioal, Luminous, Chemical, eta^ with meoUitjiag 
Kaehina 

ExFKHniENT I. — Tba Hnmau Body on Qlass-Ieggaa StooL — 

If a person standing on a stool with glass legs touches the prime 
conductor, or holds a brass chain connected with the prime con- 
ductor, on turning the machine he becomes (forming practically 
part of the prime conducliir) charged with positive electricity. 
Accordingly, as the Aair of his head diverges from self-repalsion 
("stands on end"), he experiences a pecuuar tingling sensation 
about the face; if he touches the disc of a gold-lc^ electroscope 
the leaves will diverge; if he bring his knuckle near the vilh bait 
of an electric pondultmt it will be ailTotUdj if he bring his finger 
near another person, or if any other person bring his hand near 
Dtnc spark, attended with a snapping noise, will pass 



between tJiem, each mntually experiencing a sharp, pricking 
sensation. Also, it he place his finger immediately over a gas 
jet from which gas is issuing, or if the gas jet be brought near 
any port of his person, or bis clothe*, the gas will be fired by his 
person. 

EuPKBIMBra IL— asctrlfl SbOCk.— If » Leyden jar or battery 
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be discliarged through the hnman body, or a chain of penoui 
holding eaich others naked hands cloeely, a peculiar and not very 
agreeable neiuation is produced, termed the eleclric thodc. It u 
due to the discharge or reoom- 
position of the naitrai fiaid 
bj the recombinatioit of 1ii» 
potUive and mgaiive flnid* 
within the body; itiat^c^jr 
felt about tiie joints of tii» 

ESFBBIHERT IIL— EtoOtXl- 

calHsU.—ElecthfytheuMide 
of a watm glsBs tumbler, and 
invert oyer a Ipieoe of (in/oil 
(iu.conaection with the earth), 
on which are placed a number 
of pith balls. They will im- 
mediately begin to dance 
about in the most eccentria 
and amusing manner poaaible. 
The experiment is beat per- 
formed by placing the pith 
balls between two metallia 
plates, one of which is in 
cODilection with the earth, 
■ oa shown in fig. 98. If, in- 
atead of the bsJls, two'small 
pith figures be used, the effect 
IS still more amnsing. 
EsjZBimm IV. — Heotrlcal WUil, Otrsry, &nd Qilmea. — 
Balance a metaCio wheel, the ends 
of the radii of which, terminating 
in poinie, are all benC eidewise in 
the same direction, on a point in- 
serted in the prime eortdvctor, as 
shown in flg. 99. On working 
the machine, a powerful wind, the 
electrical aura, will be produced, 
which, reacting against the points, 
^^^ will drive the wheel round with 
^^^ gi'cat velocity. If the principal 
~ ' wheel, instead, of being made to 
revolve itself, be made to support 
' other wheels rotating with uttla 
balls, the motion of Uie ewth and 
Fig. 09.— Emctkioal WHIRL, planets may be readily imitated, 
the arrangement is then ^rmed ibs eUdrKoi orrery. If the teUH 



Fig. 93.— Electkicil Hao. 
Sb owing pith balls dancing bet weei 
two metallic plates, one in con 
nection with electrical machine , 
at work, the other ii 
with the earth. 
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is made to carry a pendulous wire or weight, whicli, as it revolves 
with the whirl, is made to strike a series of bells placed below» 
the experiment is described as the ** electric chimes." 

Experiment V. — Electrified Water. — Place a small quantity 
of water in a brass vessel connected 
with the prime conductor, and con- 
taming several capillary apertures too 
small for the water to escape from 
(see fig. 100). On working the ma- 
chine, the water will immediately be 
driven out of the vessel by electrical 
repulsion. 

Experiment VI. — To Explodd 
Gunpowder 1>7 the Leydeli Battery. — 
Pass the electric charge on its way 
from the jar to the gunpowder through 
a piece of wet siring of suitable length, 
or a basin of water, in order to retard 
its velocity, otherwise the act of dis- 
chargc^m. have been completed too 
rapidly to permit of the firing of the 
gunpowder. 

Experiment VII. — Electrified 
Egg, Lemon, Loaf Sugar, and other 
Bubstances. — ^Dischai^e the Leyden 
battery by means oi the universal 
discharger, or any other convenient 
arrangement, through a lemon, through a piece of haf sugar, or 
through two or more eggs placed in contact endwise; most beautiful 
luminous effects are produced at the moment of discharge, also 
.through powdered chalk, barium sulphide, calcined oyster shells. 

Experiment VIIL — ^To Fire a Piece of Tow. — Dust the tow over 
with powdered resiri, attach loosely (so as readily to shake off) to 
one of the knobs of the discharging rod ; discharge the Leyden 
jar through the powdered tow, taking care to bring the tow to 
the hnoh of the jar to be discJiarged, 

Experiment IX. — To Magnetize a Steel Keedle.— Place the 
needle to be magnetized near and at right angles to a conducting 
wire through which a large Leyden jar or battery is discharged ; 
or still better, place it in a glass tube round which a copper wire 
is coiled (see figs. 14^ 15), and discharge the Leyden battery 
through the coiL 

186. Action of Flame. — Flame tends to dissipate eleo< 
tricity. (1) It acts as a point because of its form. (2) It 
acts as a partial vacutim, because of the liighly ra/rejied 
air it encloses. 



Fig. 100. — Electrified 
Water. 

The vessel is filled with 
water, the holes being 
80 small that the water 
either hangs in drops or 
falls, one &op at a time, 
until electrified, when it 
runs out in a continuous 
stream. 
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187. Action of Points on Flama — ^Bring the flanie of 

a candle near a metal point inserted in the prime con- 
ductor of an electrical machine at work (see B, ^g, 101), 
the flame will be bloum about violently, and if held in 
the right position, extinguished by the toind produced by 
the escape of the positive electricity. 




Fig. 101.— Showing AcnoN of Points on Flamx. 

Experiment. — ^Place a short piece of lighted taper on the prime 
conductor, and bring a point, either held in the hand or connected 
by a wire with the earth, near the flame of the taper. The flame 
will be blown about or extinguished as before, but this time by 
a wind blowing from the metal point produced by the escape of 
a stream of nega>tive electricity passing from the earth to the prima 
conductor (see A, fig. 101). 

188. Nature of the Electric Spark— Dismptive Dis- 
charge. — ^When electricity, because of its high tension, 
escapes through air, gases, or other transparent insulators, 
or through a vacuum, it gives rise to certain luminous 
phenomena, the chief of which are the electric spark, 




Fig. 102.— St&aioht and Zig-zag ELECiaic Spasks. 

9BB 




Fig 103 FOBKED OB BrANOHED ElEOTBIO SpAAK. 
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brush, and glow. The electric spark is produced by dis- 
contimKyus electric discharge, its colour is due to the 
minute particles of ponderable matter it dismptSy and 
carries over with it from the surface of the conductor 
from which it escapes, and is therefore chiefly due to the 
nature of the material of which the conductor is com- 
posed. When the distance between the conductors is 
short, the spark (really a line of light) is straight as 
shown; when the conductors are removed farther apart, 
at a certain distance the spark becomes zig-zagged; and 
when the conductors are removed a still greater distance 
from each other, it h^comQB forked or brcmched. 




A 

Fig. 104.— Showing Elkctrio Glow, Brush. 

A, Electric glow from positive conductor; C, from negative con* 
ductor. B, Electric brush. 

The Brush is the contimious, radiating, brush-like, luminous 
discharge, accompanied by a sUght hissing noise, but visible only 
in the dark, which issues from a point attached to a conductor 
charged with electricity of high tension, especially when it is 
adjacent to another conducton 

The Glow is the star-like point of light which issues from a 
conductor charged to a state of high tension, especially when no 
other conductor is near. The gSw from a conductor charged 
with positive electricity is ^eater than that from a conductor 
charged with negative electricity. 

189. Lightning is simply the electric spark on nature's 
own grand scale; it presents, under special conditions, all 
the peculiarities of form described in the last article. 

Heat or summer lightning, or, as it is frequently termed, sTieet 
lightning, most probably consists of electric discharges taking 
place between clouds at such remote distances from each other 
as to be below the horizon, and too far from the observer to 
permit of the accompanying thunder being heard. The ViglUning 
sometimes presents itself in the shape of a ball of fire, it is then 
9 K 
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described as "globe liglUning;" the precise cause of this pheno- 
iQenon has not yet been satisfactorily explained by physicists. 

190. Thunder is the loud report which usually accom- 
panies the lightning's flash. It arises from the sonorous 
atrial vibrations produced by the displacement of the 
atrial particles suddenly repelled bv the passage of the 
electric fluid, which thus on its course rarefies and eoo- 
pands, by its heat and its repiUsive powers, large masses 
of air; the dastidty of the air imm^liately after causing 
its particles to rebound, sets up a series of condensations 
and rarefactions throughout its mass which thus con- 
stitute the acoustic cause of thunder. 

The rolling or reverhercUion of thunder is probably due in part 
to reflection among the clouds, and in ^rt to the ziz-zag course 
of the lightning itself, the same flash bemg in many cases within 
incredibly short periods of time, now very near, now very distant. 

191. A Lightning Conductor is a long, continuous 
metaUic rod, terminating above in one or more gUt points, 
and below, deep down in the moist earth, a well, or the 
bed of a river, or in connection with the water pipes. 

It acts chiefljr by indtietion, discharging by means of its points 
from the earth into the cloud, electricity of the opposite kind to 
that of the storm-dovd itself, simiUtaneously discharging that of 
the cloud into the earth. It thus tends to prevent the accumu- 
lation of electricity in the clouds, acting in this respect as the 
points of the prime conductor act on the glass-pUite of the electri- 
fying machine at work (see Arts. 143 and 168). It also tends 
to aUraet and conduct the lightning harmlessly to the ground 
after it has once formed. 

The conductor should be carried 8 or 10 feet above the 
highest point of the building to be protected ; if not con- 
tinuous, that is, if any part of it be broken or disconnected, 
it becomes a source of great damger. 

192. Places of least danger during a Thunderstorm. 

•— /»i an openfidd — Away from a river, lake, or marshy 
ground ; in a dry ditch or hollow; also at a distance from 
tall ti'ees equal to one-half to two-thirds of their height 
In the house-T-JxL the middle of the room, especially if car- 
peted; in bed, more particularly if between the blankets, 
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and on a wooden bedstead away from the walls, bell- 
wires, the windows, and the chimney. 

193. Living Frog and Electrical Machine at Work. 

— ^If a living frog be placed near, but not in connection 
with, a common electrical machine at work, every time a 
spark passes from the prime conductor its body will 
become violently convulsed. These convulsions result 
from retttm shock, being produced by the separation by 
indtuition and instantaneous recomposition of the two 
electricities in the body of the frog, as described in 
Art. 194. 

194. The Return Shock, Shock by Influence, or Back 
Stroke, is the electric shock, sometimes fatal, which 
strikes down persons at a distance, occasionally of several 
miles, from the point of the lightning's discharge. It is 
produced as follows : — Let us suppose a bank of thunder- 
cloud, many miles in length, powerfully charged with 
positive electricity, in such a case the ground and objects 
immediately below would, under the inductive influence 
of the cloud (which would attract their negative and repel 
their positive electricity), become powerfully charged 
with negative electricity, the charge equally affecting 
living beings and inanimate objects. Let us now suppose 
that the tension of the positively charged thunder-cloud 
suddenly became so great as to cause it to discharge from 
one of its extremities to the earth. Electric equilibrium 
would thus immediately be restored, not merely at the 
poiat of the lightning's discharge, but even at poiats 
under the other extremity of the cloud, and 10 or 12 
miles distant from the lightning. The sudden recombina- 
tion of the two electricities in the body of a person nega- 
tively electrified by induction, consequent on tlie cessation 
of the inductive agency of the lightning, or rather of the 
electric force which produces it, would, in many cases, 
cause death. Sometimes, on the passage of the lightning 
from one end of the thunder-cloud to the earth, equili- 
brium is immediately restored by a flash of lightning 
from 8ome point of the earth under the other end of the 



148 UAGNETISM AND ELECTBICTIT. 

cloud : to this phenomenon the term bads stroke is more 
particularly applied. 
195. Firing a Gas Jet by Betum Shock (that is by 

iTidiuition). — Let a person wholly WTiconnected with, and 
standing 7 to 10 feet distant from a power/td electric 
machine at work, hold a point or a knife blade immedi- 
ately over (but so as not to touch) a common gas burner, 
from which the gas is escaping. Every time a long spark 
is drawn from the machine, a small spark passes between 
the point of the knife and the gas burner, which kindles the 
gas. In this case the body becomes charged with negative 
electricity under the inductive influence of the positively 
charged prime conductor. On the sparks passing, the 
prime conductor loses its positive charge, and coDse- 
quently its inductive power, the body therefore instan- 
taneously loses its negative charge, a portion of its 
electricity escaping on its way to the earth, with the 
production of the electric spark from the point through 
the mixture of air and coal-gas to the burner, and thus 
firing the gas. The student will observe this experiment 
is quite different to that of firing a gas jet by the direct 
spark. He should also be careful not to confound, as 
is frequently done by young students, "Return shock" 
with " Betum charge." 



CHAPTER XL 

VOLTAIC, DYNAMICAL, OE CURRENT ELECTRICITT. 

196. History of Voltaic or Galvanic Electricity.— > 

This branch of modem physics, probably one of the most 
interesting of the group, is popularly said to have had its 
origin in the illness of a distinguished Italian lady, the 
daughter of one Italian professor and the wife of another, 
Professor Galvani of Bologna. The late distinguished 
philosopher, Arago^ says— ^ 
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" It may be proved tliat the immortal discovery of the Voltaio 
pile arose in the most immediate and direct manner from a slight 
cold with which a Bolognese lady was attacked in 1790, for which 
her physician prescribed the use oifrog hroth," 

Galvani himself says concerning his discovery, in a 
paper published in 1791, 

That he was ''dissecting a frog on a table on which stood an 
electrical machine, when the limbs suddenly became convulsed 
by one of his pupils touching the crural nerve with a dissecting 
knife at the instant that a spark was taken from the prime con- 
ductor of the machine." 

following these experiments out, he attached the legs of frogs 
and warm-blooded animals to a pointed conductor fixed at the 
top of his house, and found that they were violently convulsed at 
every flash of lightning, 

"In prosecuting these researches he happened to Suspend 
some frogs on copper hooks fixed in the spine, and with this 
arrangement he observed the contractions m all states of the 
weather when he connected the copper hooks with the iron rails." 

All these effects, except the latter, were produced by 
induction. Inferring they might be produced indepen- 
dently of. the electric condition of the atmosphere, he 
found he could readily produce them in his own room 
whenever he connected the crural nerve with the extemcd 
muscle by means of a bar of two dissimila/r metals. 
Galvani himself. Professor of Anatomy, though accurate 
in the statement of his facts, explained them erroneously 
on his theory of Animal Electricity, 

VoHa, Professor of Physics at Pavia, studied and re- 
peated Galvani's experiments; and, after inventing and 
introducing the condensing electroscope as an instrument 
of research into these investigations, further, in the year 
1800, invented the celebrated Voltaic pile. About the 
same period he also developed his contact theory, accord- 
ing to which he explained all these effects as due to 
electricity generated by the contact of dissimilar metals. 

Immediately following this period came the investiga- 
tions of Sir Humphrey Davy, and our own Faraday, the 
statement of the importance and extent of whose brilliant 
researches alone would far exceed the entire limits of this 
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little book, while at the present date the labonrs of Sir 

W. Thomsoii, Tait, Clerk Maxwell, Jenldn, Foster, 
Tyndall, Guthiie, and others, are extending, consoli- 
dating, and popularising the science with nnexampled 

197. The SimpleBt Form of Apparatus for Generating 
and Tiansmittlng a Voltaic Current consists, as showu 
in fig. 105, Q? (1) A glass or earthenware jar containing 
dilute sulpkuric acid, or a solution of comTnon salt. 

(2.) A xiric and a copper plate immersed in the liquid. 
(3.) Two copper wires, one fixed (best soldered) to the 
vpper parf of each plate. 

When the two Jree ends of 

the copper wires are brought 

into contact with each other, 

aa shown in the figure, a ctw- 

rent of positive electricity is 

generated, which passea from 

the zinc through the liquid to 

the copper, and, travereing the 

copper plate, from it through 

the wires towards the zinc. At 

the same time a ctarmt [of 

negative electricity is supposed 

Fig. 105.— A Voltaic Elk- *" ^^''^ iiom the immersed 

mkntobCocfleim Closed part of the copper plate, travel- 

CiBctJiT. ling in the opposite direction 

One of tha Bimplest forms through the liquid to the zino 

of spparatus for generating pi^te, and out of the cell from 

and transmittine a voltaic i-, - . i .t ; ..j 

current cousistoe of a ^ wu'e connected 

copper 'and zinc plate and with it, towards the copper, 
connecting wire. Tlie two These tJieoretical moTements 
former immeraed in dilute ^re distinctly indicated in fiff. 
acid. io5_ 

198. Fundamental Ezperimenta in Toltaio Elec- 
tricity. — Apparatus required: — (a) TiCo strips of sheet 
sine 3 to 4 inches long, and ^ inch to 1 inch broad, one 
of them aTnalgtMnated, {b) A strip of clean aheet copper 
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aame size, (c) A small glass Teasel or a short test tube 
coataining a little ndpkwric or hydrochloric acid, diluted 
■witli 6 or 8 times Its bulk of water (see figs. 106-108). 

' ExpBRrMKBT I. — Immeraa the atrip of imainalganiated zinc in 
the dilute acid, it will immediately begin to effervesce from the 
escape of hyUrogeti gae which attends the soltttion of the anc, the 
immersed surface of the zinc becoming more or lees covered ivith 
bubbles of the ga„. 

ExpBRlM KMTlI . — Now dip the strip of copper into the liquid 
(as shown in fig. lOG), taking care the metals do not touch. No 
apparent change takes place on the surface of the zinc. But the 
plates are said to be polarvxd, the imma-sed part of the copper 
plate becoming-, and the non-immersed portion-f , while the 
wmmtTsed part of the zinc plats becomes -t- aud tlie drij portion - . 
Professor Jenkin, however, states tiiat this is an error, no such 
state being brought about until the zine is brought into coidact 
with iCa conmcting wire. 

ExpSKiMXNT III. — Bring the immersed metals into eotOad: 
below the enrfnce of the liquid (see fig. 107). The hydrogen gaa 
immediately becomes to all appBarance trans&rred to the surface 
of the copper, from the back, front, and edges of which it esc^ies 
very freely. Jf the zinc is tolerably jiur^ little or no hydrogen 
now escapes from its surface. 




Fig, 106.— iLLCSTBiTINO THB 

Ursinarv Tukorv of Etxc- 
TRio CoHDmoH or Piates 
or Coffer ams Zin-^ ssfobe 
Metallio contact. 



Pig. 107.— Showino Galvabio 
AcTTioN OF Zinc abd Copper 
Plaits whbn coNTAtrr la 
hadb uhder surface of 
Dilute Acid. 



ExPKRiUEKT IV. — Repeat the last eiperimeat with the strips 
of copper and zinc, making the coJilact between the metals out of 
the hquid as shown in fig. 108. The same results, including the 
ungular ajiparenl {ranker of the hydrogen, takes {ilace. Similar 
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results are also produced when, in place of the contact just 
described, the metals are connected by metallic wires as shown 
in fig, 105. 

Experiment V. — Repeat Experi- 
ments I. and II. with the strip of 
amalgamated zinc. No hydrogen gas 
will be evolved in either case. Kepeat 
Experiments III. and IV. with the 
same strip of amalgamated zinc. The 
hydrogen will be Evolved freely in 
each case, but from the surfaces of 
the copper only. No hydrogen what- 
ever being evolved from the surface 
of the zinc if it is properly amaU 
gamated. 

Fig. 108.— Showing Gal- In each of the experiments 
VANio Action OF Copper j^ist described a current of post- 
AiTD Zinc Plates WHEN \, i x • 'x /• j* j. j i. xi. 
CONTACT IS MADE ABOVE <*^« clectncity (indicated by the 

THE SURFACE OF DiLUTB aiTOws In the figures) is sup- 
AciD. posed to be eithef originated or 

sustained by the chemical action of the liquid on the 
zinc, which current, commencing at the surface of the 
zinc plate, passes from it through the liquid to the copper, 
and through the copper back again to the zinc. 

The molecules (particles) of the liquid, through which 
the current passes, are supposed to undergo polarization 
(see Art. 129), by which their invisible transfer is effected. 

' Thus the + zinc plate is supposed to attract and turn towards 
itself the negative oxygen of the molecule of water next to it. The 
-copper plate similarly and simultaneously attracts and turns 
towards itself the -h hydrogen molecule of the vxUer, These 
changes of aggregation are shown by the following formulae : — 

^^^"' I cuhIs i:^ 5:5 h::5 5:3 za 

ii) — +— -f- — + — + — + — + 

The chemical affinity of the copper for the hydrogen being exceed- 
ingly feehlCf it escapes in bubbles of gas ; but that of the oxyen for 
the zinc being very powerful, they combine, chemically forming 
zifui oxide, wluch, immediately being dissolved from the surface 
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nf ths Kmc (otiteFwine ftll electric action would cense) by the Jilnto 
(u^Aunt! acid, forma zini; su^Aale, ZnSO,. 

Thas the zUic and dilute eulphuric ooid yield a'ne eufykate and 
hydrogen gas, aa expreBeed by the foUowiag foimola: — 
Zn + HiSO-ZaSO^-i-H,. 

199. Salter's Experiment. — Place a piece of kad or 
zinc in the month, so a^ to rest on the toague, and a 
silver coin below it. On bringing the edges of the two 
metals into contact, a peculiar but distinct taste will be 
produced. 

200. The Voltaic Pile, 
BO called because of its 
columnar arrangement, 
was the earliest form of 
hattery invented by Volta, 
after whom it ia named. 
It consists (see fig. 109) 
of a series of pairs of cop- 
per and sincdiscs arranged 
alternately, with layers of 
fiannd or tloUt, saturated 
with very dilute acid, or 
a solution of common salt, 

^^''^^^^^^'^''"^!{ Kg- 10D.-VOLTA,0 PlIA 

arranged, begmnmg with ^ J" , . 

plate, and_ termmatmg _^_ Layer oi cloth or flsraal «atur»- 
with the zinc for upper ted with dilute acid, 
plate, thus: copper, zinc. The arrowB show tie direction 
flannel— copper, zinc, flan- of the posiiiue corrent through the 
nel — through the entire lottery "nl connecting wire. 
series. The discs are usually rettuned in their places by 
means of vertical rods of ghus. 

The copper and zinc discs are usually soldered together 
to ensure more perfect contact Tolta attributed the 
electricity thus developed to the contact of the two eft's- 
gimilar metals, and regarded the moistened cloth as a 
mere conductor. The action of a large Voltaic pile, at 
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first powerful, or even violent, quickly subsides to that of 
comparative feebleness, in consequence of the acid being 
squeezed from between the plates. 

By means of a pile, consisting of a large number of 
these coupleSy Volta succeeded in giving electric shocks, 
producing sparks between two pieces of charcoal attached 
to the ends of the wires joiniijg the terminal plates, mak- 
ing the gold leaves of an electroscope diverge, and pro- 
ducing other effects which were then regarded as of a 
stai-tling character. 

201. The Crown of Cups (Couronne des Tasses) was 

the second form of battery constructed by Volta, so called 
because of its arrangements bearing a fancied resemblance 
to a royal crovm. It consisted of a series of plates of copper 
and zinc immersed in dilute acid, contained in a series of 
glass cups or cells arranged in a circle, as shown in fig. 110. 

Z». Cu. 




Fig. 110.— VoLTA^s Crown op Citps. 

Cuy Copper plate. ) Immersed in glass vessel containmg dilute 
Zn, Zinc plate. ) sulphuric acid. 

The copper and zinc plates are arranged alternately, so that 
the copper plate in the one vessel is connected by a toire with the 
zinc pmte of the next vessel on the one side, and ita zinc plate is 
connected with the copper plate of the neoct vessel on the other 
side of it. When the circuit is closed^ the terminal zmc and copper 
plates are united by their respective connecting wires. 
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The chemical and Voltaic actions of the croum of cups 
battery is precisely similar to those of the Voltaic pile and 
other single-fluid copper and zinc batteries described in 
this chapter. It possesses the great advantage over the 
Voltaic pile of continuing in comparatively uniform action 
for some time, in consequence of its abundant supply of 
the exciting liquid, which is not rapidly squeezed from 
between the plates by gravity , as in the case of the pile, 

202. De Luc's Dry Pile consists, as improved by Zam- 
boni, of a series of several hundred circular discs of paper, 
covered on one side with exceedingly thin zinc or tin-ioilj 
and on the other with a rubbing oi peroxide of manganese, 
the whole being enclosed in a glass tube terminated with 
metal caps. ^ 

With &drypile of this con- 
struction, consisting of 2000 
to 20,000 of these "discs, 
electric bells may be rung 
continuously for months to- 
gether, electric sparks pro- 
duced, Leyden jars charged, 
chemical decomposition effec- 
ted, and many other strik- 
ing phenomena produced. 

The dry pile is kept in ac- 
tion by its hygrometric con- 
dition, which depends on that 
of the atmosphere in con- 
tact with it. If one of the Consisting of single gold leaf 
metal caps of the pile be (insulated and protected as in 
placed on the disc of one sen- 
sitive gold-leaf electroscope, 
and the other cap on a second 
electroscope, the gold leaves 
of the two electroscopes will 




Fig. 111. — Bohnenbehoer's 
Electroscope. 



common electroscope), hung 
midway between two metal 
plates connected by wires 
with the copper (Cu) and zinc 
(Zn) caps at the ends of the 
Dry Electric Pile, 

diverge, the one in connection with the manganese end of 
the pile with positive, and that in connection with its 
zinc end with negative electricity. 
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203. Bohnenber^er's Electroscope, which is one of the 

most sensitive forms of electroscope, consists of a single 
insulated gold leaf suspended between two metallic plates 
or cheeks, which are in electrical communication with 
the two ends or poles of a dry pile. In its normal or 
neutral state the gold leaf hangs vertically between the 
two metal cheeks. When the gold leaf becomes charged 
with electricity from the body to be tested, it, if positive, 
is simultaneously repelled from the positive pole of the 
dry pile, and attracted by its negative pole. Fig. Ill 
shows the action of this electroscope when charged with 
negative electricity. The construction of ihe instrument 
will be readily understood from the figure. 

204. Positive and Negative Currents of Voltaic 

Electricity. — ^The electricity of the current which, as 
previously described, leaves the voltaic cell by the wire 
connected with the copper plate, possesses in a feeble 
degree the qualities of the positive electricity of the glass 
plate of the electrical maclune. This current is therefore 
described as a current oi positive electricity. 

The electricity of the current which leaves the galvanic 
couple by the wire connected with the zinc plate, being 
in like manner similar, though much feebler, to that of 
rubbed sealing-wax, forms the negative current. 

Experimental Pboof. — Comiect the jpn?ne c(mdibctor of a plate 
electrical machine by means of a metaUic wire with one end of the 
coil of a multiplying galvanometer; also similarly connect the other 
end of the coU^with the rubber of the machine, or with the earth. 
On working the machine, the galvanometer needle (see Art. 220) 
will be deflected in the same direction as that in which the needle 
is deflected by a working Voltaic battery, whose terminal copper 
plate is afterwards connected with the same end of the galvano- 
meter coil as was the' prime conductor, and whose terminal zinc 
plate is connected with the same end of the coil as was the mbber 
of the machine or the earth. Thus proving conclusively that the 
same kind of electricity passes out of the wire connected with the 
terminal copper or platinum plate of a working Voltaic battexy, 
as is generated by the gla>88 plate of an electrical machine. 

To prevent the ambiguity and confusion which would 
otherwise arise from the use of the term ** current of 
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electricity,^* electricians have agreed, unless otherwise 
expressed, to ignore the negative current, so that by 
the term current of electricity, unless specially de- 
scribed, is to be understood simply a current of positive 
electricity, 

205. Experimental Proof of the Separation of the 
Two Kinds of Electricity by an Ordinary Voltaio 

Couple. — Connect the wire proceeding from the copper 
plate of a voltaic pair with one disc of an electric con- 
denser, and that proceeding from the zinc plate with the 
other disc of the condenser (as shown in fig. 112), the two 
discs being in close proximity, and each being in metallic 
connection with a delicate gold-leaf electroscope. The two 
discs of the condenser are now to be drawn away from 
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Fig. 112. — Prooi' of Separation of Opposite Eleotricities 

BY Voltaic Couple. 

A, Metallic disc of electric condenser connected by wire (e) with 

sane plate of voltaic cell; also connected by second wire with 
gold^eaf electroscope (0). 

B, Disc of condenser similarly connected with eoj)per plate of 

voltaic cell by wire (/), and with electroscope (U). 
^, Zinc plate of voltaic cell. 
Cu, Copper plate of voltaio ceU. 

In this case, electricity, collecting at the poles, acquires a feeble 
tension and become^ statical 



158 MAQNETISM AND ELECTRICITT. 

each other, on which the gold leaves of the electroscopes 
(if BufSciently sensitive) will immediately diverge — those 
in connection with the copper because chai^d with posi- 
tive, and those in connection with the eino because charged 
with negative, electricity. 

206.* Polarization of the Plates of Single Fluid 
Batteries. — ConBtaat Batteries. — When a in-ngle-lic[uid 
battery has been at work 
but a short time its energy 
quickly falls, in conse- 
quence of the hydrogen 
I liberated by the chemical 
action of the battery col- 
lecting on the surfaces of 
the platinum (negative) 
plates. Batteries in which 
this is prevented by the ah- 
BorpH&n of the hydrogen, 
by means of strong nitric 
acid, solution of copper sul- 
phate, or other suitable 
agents, are termed Con- 
elant Matleries. 

207. Daniell's Couple, 
the most useful of the coti- 
stant batteries, consists of 
a positive plate of amalga- 
mated sine, immersed in 
dilute sulphuric acid, con- 
tained in a porous cell, 
A A, Cylindrical copper veeiel which is placed in a con- 
forming negative plate of conple. centrated solution of cop- 
BB,SolnfaonandcnrBtftlBofcopper „^ sulphate, either con- 
CC,Xts"velf cont^g di- ^^^ - ^ ^W- «« or 
lut« milpturic acid. a glass vessel eadosing a 

DD, Cylinder of iine. cylindrical copper plate. 

E, Dilute Bnlphurio acid. The poTOua cell or dia- 

phragm permita of the passage of tiie electric oarren^ 
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but to a great extent prev^Ua the labcing of the liquids 
<aeefig. 113). 

208. A Qiove's Cell oi Couple Ib a two-Uguid ceU, in 
which the eaxiHng liquid is dilute aiilphuria acid, and the 
anti-polarising liquid is strong 

nitric acid, and tsinc being used 
for the positive, and plalinmn 
for tlie negative plate. It con- 
sists, as shown in &g. 114, of 
an external cell of glass, porce- 
lain, gntta-percha, or other norir 
eondvictirtg substance, contain- 
ing dilute sulphuric acid, in 
which ia placed a bent slieet 
of aToalgamated sine, folded 
round a flat porotia cell, con- 
tiuning atrong nitric aad, in „. ,,, „ „ 

theldddleof whichis plwed ^S" o^i'^IScELr'*"' 
the negative plate, consisting of ^^ Flftt-aided trough. ■ 
a thin sheet i^platinuTn. b, Zino plate. 

209. The Bunsen's Cell c, Hat porouB oeit 
and Battery is identical in D, Platiuum plate, 
principle and action with that of Grove: it differs from 
it only in using a cylinder or plate of carbon in place of 
platinwrn for the negative plate. 

SIO. Electrolysis is the process by which a compound 
liquid (termed an electrolyte), a conductor of electricity, is 
chetnicaUy decomposed by the passage of a current of 
electricity. 

ThuB, if ft current of electricity be paeaed through, say, addu- 
lated water, it is decomposed into ite conBtitnanta oxi/gen and 
hydrogen; if tJirough kydroehhrie acid, into chlorine and hydrogen; 
if through poiaseium iodide, into iodine ajtd poiaasium. In each 
of these caaei the molecoloti become potari^, the terminal par- 
ticles of the compooud series, say the water, Bplitting off— the 
tketro-jiegaiive molecule, the oxygen, going to the poailive elen- 
trode, and the eleclro-poeilive molecule, the hydrogen, going to the 
n«0<i<iM electrode. 

811. The Voltameter, invented by Faraday, ia aa ia- 
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Btrument by wMeh the Hrenglh of the current is measrtred 
hy the quEuititj of water decomposed in any given unit 
of time. It is found if a current of voltaic electricity 
be passed through a circuit, including a tangent galvano- 
meter and voltameter, that the quantity of the mixed 
gases (oxygen and hydrogen) evolved in any given time, 
ia proportional to the deflection of the needle. 



a h. Two glaaa tntaa, charged with dilute enlphnrio acid, atanding 

over platinum electrodes. 
e. Glass troagh, containing dilate aulphnrio acid, and Enpporting 

electro des. 
d. Wooden base, with binding screws, for connectijig ekeirodei 

with Voltaic batteiy . 

The voltameter consists (as shown in 6g. 115) oE two gla^lubet 
(ai) inverted oyer two platinum plates or electrodes, supported 
by the gla»a trough [c), through the bottom of which wires pass 
from the platinum plat«s to two binding screws fixed in the 
wooden haae (d). On connecting the platinum electrode with 
the bailer]/ ai aorh bj means of the binding screws, the troagh 
and graduated tubes being charged with acidulaied water, t£e 
molecules of the utaier through which the voltaic current passes 
become potaTbed, the terminal molecules of the eleelTO-rtegtUive 
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oxygen being liberated as gas at the +pole, or anode, and the 
terminal molecules of the electro-positive hydrogen being liberated 
in contact with the - pole, or cathode. The hydrogen thus 
liberated occupies twice the cubical space of the oxygen, 

212. Abnonnally Active condition of Connecting 
Wires of a Voltaic Couple at Work. — If the connecting 

wires joining the two plates of a voltaic couple be im- 
mersed in iron filings^ they will be attracted by the wire 
as by a magnet; if placed above or below^ but parallel to 
a compass needle, they will deflect it; if a short ^ne wire 
be inseited between the ends of connecting wires it will 
become very h^t^ even to the extent of becoming lumir^ 
0U8, The ends of the wire will also emit feeble sparks 
on contacts being made and bix)ken. To the physical 
cause of the condition of the wire, by means of which 
these and other effects are produced, the term electric 
current is applied. 

213. Electio-motive Force is the force by which electri- 
eal separation is effected, or which causes or tends to 
cause a transfer of electricity. 

' It is thus the immediate force produces the electric (farrentt 
which gives rise to electric tenaion, and which produces difference 
of electric potential It may be originated by friction, by heat, 
ohemical action, or even by the inductive influence of an adja- 
cent current 

214. Intensity or Strength of Current, Ohm's Law. 

— By intensity or strength of the current is meant the 
quantity of electricity passing in any given unit of 
time. 

The following important law, which lies at the base of success- 
ful and economical telegraph v, was discovered by Ohm. ' * The in- 
tensity of the current is equal to the electro-motive force divided by 
the resistance." 

215.*Electric Potential, which may be popularly in- 
terpreted as electric level, is essentially a ratio. It holds 
the same relation to electricity that the term level does to 
gravity; and just as water at a higher level tends to flow 
to a lower one, so electricity at a higher potential tends to 
flow to a point at a lovoer potential 

9 L 
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Difference of potential is therefore that "difference of electrical 
condition which determines the direction of the transfer of elec- 
tricity from one point to another." The potential of the earth is 
taken as zero, 

216. The Chief Difference between Frictional and 

Voltaic Electricity, consists in the fact, that the latter 
is generated in very large quantities, but whose electro- 
motive force is so feeble as to render it incapable of over- 
coming a comparatively slight resistance; while the 
former, on the contrary, is generated in very minute 
quantities, but its electro-motive /orce is so great as to 
enable it readily to oyeroome. resitttancea many millions 
of times as great at that wh];ch> wx>uld entirely stop the 
passage of a current of vokaic' electricity. Many of 
the more peculiar phenomena of voltaic electricity are, 
however, exclusively due to its condition of current or 
Jlow. 

217. Tlie Glrcnlt is the imz^ traversed by the electric current. 
Thus the <nrcuit ordinarily includes the zinc plate, the battery 
liquid, the connecting wires, and the copper plate ; also any Uquid 
or other object interposed between the terminals of the connecting 
wires through which the current j^assea. When the voltaic cur- 
rent is arrested by the disconnection of the wires or other media 
through which it passes, the drcvU is said to be opened or broken. 
When the connections are again established, the circuit is said to 
be completed or closed. 

218. The Poles or EXectrodes are the ends of the wires or the 
surfaces of the plates by which the electric current enters and 
leaves the liquid or other substance submitted to its action. The 
positive pole or anode is the surface or plate at which the positive 
current enters, and the negative pole or cathode that at ^hich it 
leaves the substance. 

219. Volta's Experiment. — Yolta having invented 
the condensing electroscope, devised the following experi- 
ment, on which he based his celebrated " contact theory,'* 
afterwards generally discarded in favour of the '' ch&inical 
theory,'* but recently brought to the front again through 
the investigations of Sir W. Thomson: — 

Experiment. — ^Volta constructed a compound bar, one-half of 
which was of copper, and the other Of zinc. He then, holding 
the zinc end of the bar in one hand, brought the copper end <3 
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the "bsr into contact -with the under surface of the disc or eolkct' 
ing plate of the electroscope, at the same time touching with the 
fii^r of the other hand the top of the condensing plate. He then 
Jirst removed the c<»iipound oar from the lower disc, and c^ter- 
wards the finger from the apper (condensing) plate, in neither 
instance did the gold leaves diverge. On now removing the upper 
plate, by means of its glass handle, the gold leaves of the electro- 
scope immediately diverged with j[>08itive electricity derived from 
the cojyper oi the bar. 




Kg. 116.— VOLTA*S EXPSRIMZNT. 

Volta's mode of testing electricity of copper end of componnd bar 
of copper and zinc by means of his condensing electroscope, 

220. Oersted's Compass Keedle Experiment— Oersted 

discovered the directive action of an electric current on a 
magnetized needle, and thus blended electricity and mag- 
netism into one science. (1) Support a horizontal compass 
needle so that it may move freely on a vertical point. (2) 
Place a wire immediately over or v/nder^ but parallel 
with, the needle : no effect is produced. (3) Now, pass a 
voltaic current through the wire, the north end of the 
needle will be immediately deflected to the right or to the 
left, according as the current is passing from north to 
south, or south to north, or as it is above pr below the 
needle (see figs. 117, 118). 
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Fig. 117.— Showino Hikkc- Fig. 118.— Sflowiiio J 

HON IM WKIOK COUPASS TION OV VSHTICAI. MaO- 

Kbrdlk is Detlbctid by nbtiesd Ncedlb kt Vol- 

VOLTAIO COBltKST PABSItia TAIO CdSREST. 

ABOVB AND BELOW KbEDLB. 

Thw« are thuo ./bwr cases of detection of the compass 
needle by an electric current with vUch the student 
should nuike himself Eamiliar ; — 

f 1. If from north to south, the aarked 
When the cniTQnt pssse* J end tanu to the «ut 

aboee the needle. 1 2. If from south to north, the msrked 
( end tuna to the %cegt. 

!1. If frran north to tmdh, the marked 
end tana to the weal. 
2. If from aoulk to tuirtli, the nurked 
end tome to the «asl. 
aai. 1IMI10I7 Sola for aKmrtalnlsc tlte IHreotlon In wbleb sa 
Slactrlo Cnrrent will Defltot tlu Hortb Pols of a Magnattod 
Keedie, and ttie Bnd of tlie OoU at whloti lUs Morth Pols i>t a Bar 
Kacnrt irUl be fOmeiL , 

I«t the obMrrei ima^ne himielf to be twimming vUh the otu* 
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rent, his/aee tamed towards the needle to be deflected, or the bar 
to be magnetized (see figs. 14, 15), the current thas flowing from 
his feet towards his head — ^the north pole of the compass needle 
will be ducted to his left, or the north pole of the bar will always 
be formed at the end of the coU, which is on his left. 

222. An Astatic N'eedle (from Gr. a, not; statikoSy 
causing to stand) is a compound Txiagnetized needle^ over 
which the' earth has lost 
its directive power, and 
which will therefore, as 
its name implies, stand 
or remain at rest in any 
position altogether inde- 
pendent of l^e magnetic 
meridian (see fig. 11 9). 

^ It is formed by eonnecting 
two magnetized needles of 
equal power by a central pin, 
so that the north pole of the *- , ^ * ^^ 

one is fixed directly over 'ig- 11^.— AstATio Needle. 
the south pole of the other, also its south pole directly over the 
n<yrth pole of the needle below. By this arrangement, which, 
however, can rarely be made perfect, the directive power of 
the earth must manifestly be entirely overcome; since in what- 
ever direction the upper needle tends to* turn under the magnetic 
influence of the earth, the lower needlo tends to turn with equal 
force in the opposite direction. In this manner its sensitiveness to 
the action of the electric current is greatly increased. 

228."^ The Mnltiplier or Galvanometer is an instru- 
ment used to measure the strength of current elec- 
tricitj bj the degree to which it deflects the compass 
needle, as measured on a circular card graduated into 
degrees (see ^g, 120). 

It consists essentially of a coil or helix of silk or cotton-covered 
insulated copper wire, in the middle of which is suspended a 
fnagnetvaed needle, so plaoed that on sending the current through 
the coil it passes directly nbove and below the needle, thus duct- 
ing it to the one side or to the other, according to its direction, 
and to a degree depending upon, but not quite proportional to, 
its strength. The sensitiveness of the instrument is greatly in- 
creased by the use of an astatic needle. Its sensitiveness is also 
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increued within oerUin limiti by increasiiig {fnuUiplyinjf) Uim 
number of tnnis of tbe coil; benoe its name. 




Fig. 120.— -AffrATIO OALVAKOlfETEB OB MULTIPUKB 

(Vertical Section). 

a, Screw for raising or lowering Astatic needle. 

b, Fibre of raw silk. 

c, Insulated copper wire coil connected with binding screws. 

d, Graduated circular card attached to coil. 
NS, ns. Astatic needle. 

e, Circular movable block to which coil is fixed. 

/, Lever for bringing the zero8 of circular card under ends of 

needle, and thus bringing coil and needle into paraUelism. 
g. Tripod screws for UvelUng instrument. 
hf Glass shade. 
89, Binding serews for connecting eoU with battery. 

224. Besistance converts Electricity into Heat — 
Heat increases Besistance in Wires of Circnit, as proyed 
by the following experiments: — 

Experiment I. — ^Pass current from battery of four or ^-7^ 
Grove's cells, through thick iron wire, for a few seconds only» no 
appreciable heai is devdoped, because the resistance is unim- 
portant. 

Experiment 11. — Separate the ends of the iron wires, and 
join by very fine iron wire three or four inches long. Again close 
circuit, the fine wire will become first red, and then, if not too 
long, whUe hot, ultimately fusing into small globules. The small' 
ness of the section of the wire m this instance causes it to offer 
great resistance. Gunpowder may be.^m; by the heat thus generated. 
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Experiment III. — Repeat the last experiment, but making 
the fine iron wire so long as that, by its resistance, it shall only 
permit so much of the current to pass as shall heat the wire to 
dull redness. Now bend the thin wire into a curve, and dip the 
curve into a glass of cold water, the two ends of the fine wire, 
not' immersed, will immediately become white hot. The cooling 
of the wire has thus lessened the resistance of the wire, so that 
more electricity passes in a given time. 

Experiment IV. — Loop together aUemately the ends of five 
or six pieces of fine platin'wm wire, about three quarters of an inch 
lon^, with an equal number of similar pieces of silver wire. In- 
troauce into circuit ; pass current through in the dark. The pla- 
tinum links of the chain will now become incandescent^ while the 
silver links remain quite invisiblfi. If a portion of the chain be 
immersed in cold water, the platinum hnks not immersed will 
become hnght-er for the reason just given. The «»/ver, a good 
conductor, transmits without appreciable resibtance all the elec- 
^ tricity, the platinum, a much inferior conductor, allows to pass. 

225. Kagnetlc Coil— Solenoid— Ampirlan Currents. — The coils 
(figs. 14 and 15) through which a Voltaic current is passing, not 
omy magnetize iron and steel bars contained within them, but 
become feeble magnets themselves, of the same polarity as the 
bars they magnetize. To a coil so prepared as to exhibit such 
polarity, the term solenoid is applied. 

Ampere regarded magnetism as due to similar currents circulat- 
ing in different directions round the molecules of magnetic bodies, 
and magnetization as the reducing these currents to circulate in 
the same direction. 4- solenoid would thus represent the resultant 
of the molecular currents of a magnetized steel bar. (See Arts. 
36, 221.) 

226. Electric Telegraphs are instruments used for 
transmitting intelligible signals or messages to a distance 
through the medium of metallic wires by means of Voltaic 
or magneto-electric currents. They may be divided into 
two classes — (1) those which simply transmit signals, as 
the needle telegraphs; (2) those which both transmit and 
record signals, as Morse's printing telegraph. 

The essential parts of the electric telegraph are — 1, the battery 
and sending apparatus; 2, the line (an insuhited metallic wire); 
3, the earth ; i, the receiving apparatus. 

The following is a brief description of the Cooke and 
Wheatstone's single-needle telegraph: — 

TJie battery most commonly used in this country is the 
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DanieWs. The sending appa/rattia consists of a peculiar 
form of commutator or current reverser, comprising a 
wooden drum with handle and metcU fittings attached to 
its circumference, and passing through its substance from 
one side to the other, so that by turning it to the right or 
to the left, the current entering the fittings by means of 
metal strings pressing against them, and connected with 
the terminal plates of the battery, may be stopped or 
reversed at the will of the operator. 

I'he line, or telegraph wire, consists most commonly of 
galvamized iron wire about \ inch in diameter, fastened 
by means of insulating supports of glass, ebonite, or por- 
celain, to the top .of wooden or iron posts. 

The receiving instrument consists in principle of a not 
too sensitive galvanometer, comprising a vertical astatic 
needle surrovmded by a coil of insulated (silk-covered) 
copper wire. The coil is so connected with the wire and 
battery that the remote operator may, by transmitting, 
stopping, and reversing the electric current, cause the 
needle to deflect rapidly to the right or the left, according 
to the established code of signals adopted by practical 
telegraphists. These signals simply consist of deflections 
of the needle, each letter of the alphabet being represented 
by so many deflections to the right or to the left. 

7^e ea/rth was formerly supposed to close the circuit and 
cond/ujct the return current back to the battery, thus 
supplying the place of the return wire previously used. 
Physicists now, however, regard the earth (because of its 
huge mass) as receiving and dissipating the electric cur- 
rent as fast as it arrives, and thus preventing the tension 
at the terminal wires, which would otherwise stop the 
electric flow. To promote this result more effectively, 
the terminal plate of the battery, which is not in connec- 
tion with the line, is attached by a short wire to a large 
copper plate sunk 12 to 20 feet deep in moist earth. Th() 
remote end of the telegraph wire is also attached to ^ 
similar copper plate, buried in like manner. 
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1. To make a Glas^ Tube for Excitation. — Length, say 18 inches; 
diameter, 1 inch; one end closed and roimded, the other end fused. 

2. To make Amalgamated Silk Btt1il)er. — Black silk, double and 
stitch ; amalgam and tallow. 

3. To make Pointed Support. — Blanket pin pushed through a 
bung. 

4. To make a Glass Needle witb Socket. — Close one end of glass 
tube entirely, other end nearly; balance on file; scratch centre; 
soften and push in with point. 

5. To make two Proof-Planes, one with Olass Socket. — Varnished 
strip of glass ; cut card into two circles, 2 inches in diameter, and 
gilt pai)er likewise, fasten with gum ; make socket of glass tube, 
and attach to one strip bent in centre. 

6. To make Insulated Table. — Stout zinc disc, 4 inches diameter; 
support by varnished glass rod, 6 in. high, fastened in wood block. 

7. To make Conducting Cone Cylinder. — Cardboard (quarter 
sheet), roll into cone and fasten with sealing-wax; cover with gilt 
paper; stand on insulating support; do likewise for cylinder. 

8. To make Spherical Conductor. — Florence flask or wood-ball 
covered with tin-foil ; cork in neck, fasten with plenty of shell-lao 
to edge of square board. 

9. To make Condenser. — ^Varnish sheet of glass, 10 inches by 7 
inches, both sides; attach silk handles with sealing-wax; cut two 
pieces of tin-foil, 7i inches by 5 inches each. 

10. To make a Voltameter. ^)ut off shank of 4-inch funnel to 
within 2 inch of neck ; solder strip of platinum foil, 1 inch by 
^ inch, on to each of two covered copper wires, 6 inches lon^ ; 
pass wire through cork in shank of funnel; mix plaster of Paris 
and water into thin paste, and pour in to within 1^ inch of the 
top; bore hole size of shank of funnel in centre of 1-inch thick 
board, 6 inch by 4 inch, and two holes for wires to pass through 
near ed^ of board; fix funnel in hole with plaster of Paris, and 
bring wires under board and up through holes; solder ends of 
wires to slips of brass, 1 inch by J inch, which fix to board, to 
serve purpose of binding screws; pour a little melted resin over 
plaster in funnel, so as just to cover soldered joints of platinums, 
make two glass tubes closed at one end 5 inches by i inch (or use 
two test tubes); fill funnel and tubes with water containing a 
little sulphuric acid, and invert tubes over platinums; if time 
fljlows, nx upright of wood, 9 inches high, beside funnel, with 
two brass wire arms to hold tubes. 

11. To make Astatic Galvanometer. — ^Wind copper wire on wood 
frame, remove wood and varnish wire; fix coil on round wood 
block, leaving projecting ends, which solder to hard brass strips; 
screw these latter to wood block to serve purpose of bindmg 
screws; bend stout brass wire into arch, and nx firmly into block; 
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make small bend in centre of wire, and fasten cork therein ; posli 
straight piece of brass wire, 2 inches long, through cork; magnetize 
two sewing needles, and fix (with opposite poles adjoining), 1 inch 
apart, by means of twisted fine copper wire; suspend needles by 
suk fibre; attach fibre to lower loop in brass wire, which passes 
through cork; cut card into circle, 4 inches diameter, ana gra- 
duate circumference into degrees ; place (but not fix) card in 
proper position over coil by means of two corks cemented to 
board; make needles as far as possible astatic; draw out fibre of 
glass, and fix to upper needle ; place needles within coil, and 
adjust to proper heignt by sliding wire; cover all with glass i^ade. 

18. To amalgamate Zinc fbr Battery Plate. — Dip zinc plate into 
dilute sulphuric acid ; pour a little mercury in plate ; wrap tow 
round end of stick, and rub mercury over zinc. 

18. To make two Bar Kagnets. — ^Two strips of steel, each 4 inches 
Ions; cut ends square and clean; magnetize by drawing one end 
of bar magnet along each; note polarity produced; demagnetize 
one strip, and remagnetize in reverse direction. 

14. To magnetize two Horse-Shoe Magneta — Place two steel 
horse shoes end to end, marking one pole of each; draw horse-shoe 
magnet, held vertically completely round and round the system, 
always preserving same advancing pole, and beginning and ending 
stroke at one of the bends; note poles produced, and how produced. 

10. To obtain Magnetic Curvea — ^Flace pair of bar magnets on 
white paper and sheet of glass above ; sprinkle iron filings from 
muslin over glass and tap surface ; try in this way various com- 
binations of poles with bar and horse-shoe magnets. 

16» To fix Magnetic Cunres.— >(a) Make a solution of gall nuts ; 
brush over sheet of paper with solution, remove superfluous mois- 
ture by blotting paper; place damped paper over curves, press 
evenly, carefully lift paper, dry quickly, and shake off filings; 
a permanent impression m ink will be left on the paper. (&), Fix 
pair of magnets to one side of square of glass, coat other side with 
very thin gum-water; when plate is quite dry, dust fine iron filing 
over gummed surface, tap, then breathe gently on plate; gum is 
thereby softened, and curves fixed. 

17. To make Horizontal Magnetic Needle. — Soften strip of steel 
in centre, drill hole, make glass cap and cement on to steel, 
balance' on pointed support, magnetize strip, mark ends with red 
and bhie paper. 

18. To make Vertical Magnetic Needle. — Drill hole through 
second strip of steel, as before ; fasten pin through hole ; make 
arms of wire for needle to play in ; attacn handle. 

19. To make a Current Beverser. — Block of wood, 4 x 2^ inches; 
cut out three holes for mercury, i inch diameter, at one end of 
wood, and two holes at other end; cross piece of thick copper wire 
fixed from hole one to three ; two movable thick copper wires, 
with ends bent down, and fixed to wooden Ud 3 x 1} inch. 
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20. To make a Slznpla pisdiaxger. — Gntta-percha covered wire 8 
inclies long ; take off 3 inches of covering at each end, and cast 
on lead bmlets. 

21. To znake a Leyden Jar with Movable Coating. — Paste a piece 
of tin-foil, 8 inches by 15 inches, on card ; clean «id dry the jar ; 
cut stiffened foil into two strips, 4 inches wide, and cut off from 
each strip length fully sufficient to go round the jar; make outside 

.and inside cvunders, using surplus pieces to form bottoms; cut 
two strips of card (tin-foiled), 3^ incnes by 1 inoh, bend ends, and 
paste across top and bottom of inside cylinder at right angles to 
each other; cast lead bullet on brass wire, 9 inches long; pass wire 
through upper cross-piece of card, and attach to lower cross-piece 
by a cork; varnish outer exposed surface of glass jar. 

22. To make an Electroplionu. — Out zinc due, 6 inches diameter; 
make a socket of zinc, and fit varnished glass handle by shell-lac; 
excite sheet of varnished glass. 

23. To make arraogements for Lighting Gas by a Spark. — Glass 
tube, 6 inches long, drawn out to point, and bent at right angles; 
attach copper wire, and bend over jet ; fasten second short piece 
of copper wire to insulating support. 

24. To make a Faraday's Gaose Bag for showlag Electric Dlstri- 
butloiL — Bend brass wire into circle, 5 inches diameter, leave pro- 
jecting piece, and fix into varnished class handle; sew muslin mto 
cone, and attach to brass ring; fix auk thread to end of cone; fix 
glass stem into wooden block. 

26. To make a Daalell's Cell — Koll brown paper five or six times 
round glass tube, 1 inch diameter; cement edge of paper with 
shell-lac, and close bottom by cork; bend oopper sheet, 4 inches 
by i inch, to go inside paper cell; bend zinc sheet, 4 inches by 4 
inches, to go outside; solder three inches copper wire to zinc and 
copper; fit up cell, and pour solution and crystals of sulphate of 
copper into inner cell, using salt water in outer. 

26. To make a Bight and Left-Handed ilat Helix. — Cut two circles 
of stout card, 4 inches diameter; fasten a cork to the centre of each, 
and pass a slender axis of wood through the centre of the corks 
and card; the corks being outside, push the card discs together 
until about J inch apart. Throueh a hole in the card, beside the 
cork, previously pass the end of the covered wire given vou; 
wind the wire round and round the axis till a sufficiently leir^e 
spiral is made; holding the ends of the wire, remove the free card, 
gum a circular piece of paper, and place over spiral ; when the 
paper is diy the spiral wui be fixea, and hence the other cork 
can be removed ; proceed in the same for helix, wound in the 
opposite direction. 

27. To make a Current Beveraer for Telegraphlo porposes. — Cut 
strip of hard brass, i inch wide, into two pieces (A and B), each 
3 inches Ions, one piece (C) 2 inches, and one (D) 1| inch; solder 
D across end of 0, so as to make T piece; upon a stout block of 
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wood, 2^ inches by 4 inches, screw one end of A and B, so that 
the strips may be parallel, and 1 inch apart ; midway between 
A and B, and ^ inch inward, screw end of T piece ; beneath free 
extremities of A and B, bore two holes for thick copper wire, 
staple driven in from below, leaving ends projecting i inch ; 
carry a wire from copper staple to one side of block of wood, and 
a second wire soldered to end of T piece to other side ; adjust 
brass strips, so that cross piece of T is ^ inch above board, and 
free ends of A and B spring up against it ; to the fixed ends of 
A and B join up galvanometer wires, battery wires to the right 
and left of block; the battery contact is made when either A or B 
is depressed. 

28. To make a Single Needle Telegrapli. — Wind two coils, similar 
to those of galvanometer, leaving 6 inches of projecting ends ; 
fasten coils to one end of thin upright of wood, 5 inches by 3 inches 
(stout cardboard, doubled over to form a little roof, is a good 
substitute for the wood) ; make vertical needle to move within 
coils, and index outside moving between stops ; carry wires to 
current reverser, just described. 

29. Prove that Electric Attraetlon Is not Selective nor Directive, 
and Is therefore unlike Blagnetle Attraction. — Suspend light 
bodies, rubbed glass, shell-lac, electric needle; note position of 
rest and attraction by all neutral bodies. 

30. Prove the Dual Kature of Elactrldty, and show that it Is 
therefore unlike Gravitation. — Determine the Fundamental Law. 
Rubbed glass near suspended glass, then near rubbed shell-lac. 

31. To determine Relative Distribution of Electricity on Surfisuie 
of Cone, and without and within Cylinder. — Cone, cylinder, elec- 
troscope, proof -plane, insulating table, and rubbed glass. 

32. To Charge Electroscope by Induction (1) Transiently, (2) Per- 
manently. To examine Quality In each case. — Kubbed glass rod, 
electroscope; rubbed shell-lac; carrier. 

33. To prove that both Electricities are generated by Induction. 
— Rubbed glass; conductor hung by silk; examine near and distant 
face by carrier and electroscope. 

34. To show that Repulsion Is the only True Test of both Bodies 
being Electrified. — Attract charged lath by fingers ; repel charged 
lath by similarly charged body. 

35. To test DeUcacy and determine Zero of Astatic Galvanometer. 
— Solder wires to end of a pin and a needle ; join up to galvano- 
meter; push couple through cork, so as to expose ^ inch of each 
metal; dip into salt water, in wine glass, and note deflection; 
reverse current, and again note deflection ; repeat once or twice ; 
take mean of diflierence of deflections, and move zero of card 
accordingly; now fix card in this position. 

36. Try production of Electricity by Hot Coal dipped In Water. — 
Gold-leaf electroscope, water in metal dish (lid of tin canister) on 
insulating stand, wire to electroscope, drop hot coal in water. 
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Arsolute electrometer, 122. 

AccamaUitoTs (ooudeiiaen), 160. 

Aclinic line, d9. 

Addition theory of electricity, 146. 

Agonic line, 65. 

Amalgamated zinc, 198. 

Amalgam, electric, 141. 

Amber, 77. 

Ampere's theory of magnetiem, 26, 226. 

Angle of, declination, 64; inclination, 

67. 
Annual rariation, 62. 
Anode (poeitive pole), 218. 
A ntipolarizing liquid, 208. 
^piuna'e condenser, 161, 165. 
Arago, 196. 

Armatnrea, electrical, 171. 
Armatoxes (keepers), magnetic, 14, 19; 

theory of, 29. 
Artificial magnets, 16-26. 
Astatic galranometer, 223. 

f, needle, 222, 226. 
Attraction, mngnet-c, 46; electrical, 80. 

„ and repnlsion, 7. 

„ preceded by induction, ISO. 
Aura, electrical, 158. 
Auatral pole magnetism, 27, 62, 60. 
Axis, magnetic, 10. 
Azimuth compass^ 69; magnetic, 67. 

Back stroke, 194. 

Battery, Daniell's, 226. 

Battery, Leyden, 180; magnetic, 16; 

constant, 206-209. 
Bennett's gold-leaf electroscope, 110. 
Bertsch's machine, 132. 
Biot's experiment, 149. 
Body, electrified, 81; magnetic, 7. 
Bohnenberger's electroscope, 203. 
Boreal pole magnetism, 27, 60. 
Bound (latent, captive, disguised, dls- 

simnUted) electricity, 162, 164. 
Broken magnets, 25. 
Brush, discharge, 188. « 
Bunsen's eell, 209. 
Butterfly net experiment, 150. 

Capacitt, specific, inductlTe, 166. 
Card, compass, 58. 
Cascade, charging by, 181. 
Cathode (negative pole), 218. 



Cement, electrical, 142. 

Chain, magnetic, 11. 

Charge to a Leyden Jar, 175, 181; by 
induction, 127, 128; an electro- 
scope, 114; residual . 184; resides in 
glass and not in metallic coatings, 
183. 

Chemical action in Voltaic battery, 198, 
218. 

diemical effects of Toltaic electricity, 
210, 211. 

Circuit, Voltaic, 217, 218, 224; open 
and closed, 201. 

Coerdve force, 80. 

Coil, sinistrorsal and dextrorsal, 86; 
magnetic, 225; commutator, 226. 

Coin, electrified, 170. 

Collecting plate, 161. 

Ompass, azimuth, 59; declination, 55; 
inclination, 68; laud, 59; mariners', 
57, 58. 

Compass needle, 66; Oersted's experi- 
ment with, 220; deflection of, 220, 
221, 228, 226. 

C!ompound magnets, 16. 

Condenser, electrical, 160-162, 165, 166, 
205. 

Condenser, limits to action of, 167. 

Condensing plate,161: electroscope, 168. 

Conductors, electrical, 92, 93. 

C!one, distribution of electricity on, 155. 

Connecting wires, actlTd couditioiisof, 
212. 

Constant batteries, 206-209. 

Contact of copper and zinc, 198, 199; 
theory, 200, 219. 

Cooke's single-needle telegraph, 226. 

Copper plate, 197, 198, 200, 201, 204. 

CoiTelation of the forces, 4. 

C)oulomb's torsion electrometer, 120. 
„ mode of testing electric dis- 
tribution, 156. 

Crown of cups, 201. 

Crural nerve, 196. 

Cnneus's discovery of Leyden Jar, 172L 

Currents, electrical (Voltaic), 197, 204, 
212; strength of, 211; definition of, 
212; direction of, 198, 200, 221. 

Current reverser, 226. 

Cylinder, electrical density on, ISSd 

Cylindrical eleotric machine, 137. 
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Daniell's couple, 207. 
,, battel^, 226. 

DecUnation (yariation), 53-55. 

Deflection of needle, 220, 221, 2*^:3, 226. 

De Lac's dry pile, 202. 

Density, electric, 151; definition of, 
153, 155. 

Dielectrics, 91, 129, 160, 162, 166. 

Difference between frictional and Vol- 
taic electricity, 216. 

Dipping needle, 68. 

Dip, 47, 52, 67, 72. 

Directive power of earth on compass 
needle, 60, 222. 

Discharge, brush, 188; electrical, 176; 
disraptiTe, 188; glow, 188. 

Discharge to, a Leyden Jar, 176, 177. 

Discharger, Henley's univei-sal, 179. 

Discharging rod, 178. 

DisooYery of Leyden jar, 172. 

DispersiTe action of points, 158, 

Disruptive discharge, 188. 

Distribution of electricity on the sur- 
lisoe of electrified bodies, 149; ex- 
ceptions to law of, 149, 159. 

Diurnal variation of needle, 68. 

Divided touch, magnetization by, 34. 

Double touch, magnetization by, 35. 

Dry pile, 202. 

Ea&th, magnetisation by inductive 
action of, 40; a magnet, 52; direc- 
tive action on oompass needle, 60, 

Earth plate, 226. 

Electric attraction and repulsion, 80; 
battery, 180; density, 153, 155: dis- 
charge, 88 ; fluids, 103-105 ; lights 
4; machine, 181-148; potential, 215; 
separation, 213; spark, 188, 189, 
200, 212 ; telegraph, 226 ; tension, 
153. 

Electrical machines, 131-148; experi- 
ments with, 185. 

Eleotricity, definition of, 77; frictional 
and Voltaic, similarity to, 204; 
difference between, 216 ; Idatory 
of. 73-76, 196; kinds of, 78, 79, 83- 
85 : free, 163 ; one kind not de- 
veloped without the other, 100; 
equiu quantities of both kinds de- 
veloped together, 101; to determine 
kind of, 102; theories of, 103-106. 

Electrics and non-electrics, 90, 91; 
separation, 81; Voltaic, 205, 213. 

Electrification, 81. 

Electrodes (poles), 210, 211, 218. 

Electrolysis, 210. 

Electro-magnets, mi^etiaation by, 88; 
definition of, 38. 

Electrometers, 107, 118-122. 



Electro-motive force, 21S. 

Electrophoms, 132-136. 

Electroscope, 108-111, 113, 114; Pel- 
tier's, 117; condensing, 168; Boh- 
nenberger's, 203. 

Elements or couple, VoItaic» 197; 
Daniell's, 207; Grove's, 208; Bun- 
sen's, 209. 

Equator, magnetic, 21, 69. 

Experiments, electrical, attraction and 
repulsion, 80, 83, 90, 92, 99, 101 ; 
with condenser, 165; on distribu- 
tion of electricity, 149-151 ; with 
eleetroeoope, 114, 115 ; with, elec- 
trical machine, 185-187; on induc- 
tion, 124, 126. 

Experiments, magnetic, 4, 7, 11, 12, 
22, 24, 43, 49, 52, 60. 

Experiments, Voltaic, 197-199, 204, 205, 
219, 220, 224. 

Faba day's, voltameter, 4, 211; theory 
of induction, 129. 

Field, magnetic, 42. 

Firing gunpowder and tow, 185; gas, 
195; gunpowder by heat produced 
by Voltaic eleotricity. 224. 

Flame, action of, 186, 187. 

Force, magnetic, 51; coercive, 80; eiec- 
ti-o-motive, 81, 213. 

Franklin's (fulminating) pane, 169. 

Free electricity, 114, 163. 

Frictional and Voltaic electricity, dif- 
ference between, 216. 

Frog and deotrifying machine, 19S; 
galvanic experiment with, 196. 

Fulminating (Franklin's) pane or 

Slate, 169. 
omental experiments in Voltaic 
electricity, 198. 

Galvanic (Voltaic oar current) electri- 
city, 148-168. 

Galvani's experiment with legs of 
trog, 196. 

Galvanometer, 228. 

Gimbals, 57. 

Glow discharge, 188. 

Gk>ld-leaf electroscope, 110, 111,113-llSL 

Grove's cell or element. 208. 

Gunpowder exploded by Leyden bat- 
tery, 185. 

Gunpowder Jlred by heat produced by 
electric current, 224. 

Haadickimo and tempering magnets, 

24. 
Harris's unit Jar, 182; form of Leyden 

jar, 171. 
Heat developed by current, 224. 
Helix, dextroi-sal and ainistroraal, 36. 
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Henley's quadrant electrometer, 119, 
151; nniveraal discharger, 179. 

Holtx's machine, 182. 

Human body charged electrically, 185. 

Hydrogen gas, 211; apparent transfer, 
198; absorption oi, 206. 

Ikclinatiok, 68, 67. 

Induction, electrical, nature and defi- 
nition of, 128, 124-130; charge by, 
114, 128. 

Induction, Faraday's theory of, 129; 
always precedes attraction, 180. 

Induction, magnetic, 29, 40; definition 
of, 46, 46. 

Inductive oapacnty, 166. 

Influence of shape of bor'y on distribu- 
tion of electricity, 155. 

Insulating stand, 96. 

Insulation, definition of, 96 ; methods 
of, 96. 

Insulators, 94-96, 129. 

Intensity of current, 214. 
„ magnetic, 68, 71. 

Iron and steel, difference between, in 
relation to magnetization, 22, 24. 

Iron, soft, temporary magnetism of, 
41; filings, 43-45, 212 

Isogrjuic line, 66. 

Jabs, Leyden, 160, 171-177. 

KsEPEH of magnets, 13, 14, 17 ; theory 
of, 29. 

Latint (bound, disguised, dissimula- 
ted) electricity, 114, 162, 164. 

Law of iuTerse squares, 46, 121; of 
attraction and repulsion, 121. 

Laws of electricity, 121; magnetism, 
16, 46. 

Leyden Jar, 160, 171-177; original form 
of, 172; battery, 180. 

Light, electric, 4. 

Lightning, nature of, 189; conductors, 
191. 

Line, agonic, 66; isogonlc, 66; aclinic, 
69; isodinic, 70; neutral, 10, 21, 
47; telegraph, 226. 

Lines of force, magnetic, 43, 44. 

Loadstone, 8-13. 

Haonetic attraction and repulsion, 7, 
12, 16, 46. 46, 50; azimuth, 67; 
body, 7; chain, 11; elements, 63; 
equator; 21, 47, 62, 69, 72; field, 
42; force, measurement of, 61; 
fluids, 26-30; induction, 46, 46; in- 
tensity, 71; oxide of iron, 8, 9; 
poles, 6, 7, 10-13, 19, 72. 



Magnetism, Ampdre's theory of, 225; 
austral, 27, 52; boreal, 27; defini- 
tion of, 2, 3; history o^ 1; laws 
of, 16, 46; temporary, 22; theories 
of, 26-30. 

Magnetization, 9; by single touch, 33; 
double touch, 35; by electric cur- 
rent, 86, 37; electro-magnets, 38; 
by frictional electricity, 186; sepa- 
rate or divided touch, 34; of steel 
bars, 82-40. 

Magnets, definition of, S, 6 ; artificial, 
16, 26 : natural, 8-14 ; bar, 17-25, 
47 : battery, 16-86 ; broken, 26 ; 
action on each other, 47-49; mount- 
ing of, 13 r poles of, definition, 19. 

Mariners' compass, 67. 

Machine, electrical, 74, 131-148; to 
chai-ge Leyden Jar by, 176. 

Measures of strength of current, 211, 
228. 

Measurement of magnetic force, 71; 
electrical force, 107. 

Memory rule r^farding electric cur- 
rents, deflection of needle, 221. 

Meridian, geographical and magnetic, 
64. 

Molecular movement, theory of elec- 
tricity, 106. 

Molecules of magnet, 27, 60, 225. 

Molecules, transfer of, 198; polarised, 
aiO, 211. 

Mould or sole, 135, 186. 

Multiplier, the (galvanometer), 228. 

Needlb, oomxMBS, 56; dipping, 68; tele- 
graph, 226; deflection of, 212, 221, 
226. 

Negative eleotridty, 85. 

Neutral line, 21, 47. 

Non-conductors, insulators, dielectrics, 
94. 

Non-electrics, 90, 91. 

North and south, true, 66. 

North-seeking pole, 43, 62, 60. 

OEK8Tra>'8 compass needle experiment, 

220. 
Ohm*s law, 214. 
Oscillation, method of delermining 

magnetic force by, 71. 

Peltier electroscope, 117. 
Pendulum, electric, 82; magnetic, 61. 
Perturbations, magnetic, 64. 
Physiological effects, 185. 
Pile, Voltaic, 200; De Luc's dry, 202. 
Pith-ball electroecone, 82, 109. 
Plate electrical machine, 147, 148. 
Platinum and silver vhuin experiment^ 
224; plate. 204. 
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Points, oMiseqnent, 20, 86; of oomrMin, 

68; of saturation, 81; dispei-Bive 

action of, 158; action on flame, 

186, 187. 
Polar force, 8. 

Polarity, 6; definition of, 18. 60. 
Polarization of electrolytes, 2K) ; of 

plates of battery, 206; of mole- 

culos, 129. 
Polarized, 198. 
lolee, magnetic, l^: conaeoutltre, 20, 

86 ; Voltaic, 218. 
Porous cell, 207. 

Portatire force of mi^?nets, 14, 48, 49,51. 
Positire and negative bodies, 97, 98; 

cnrrents, 198, 204. 
Positire electricity, 84. 
Potential, electric, 215. 
Presenrntion of power of ma^ets, 14, 

17; theory of, 29. 
Prime oondnctor, 138. 
Proof-plane, 112, 149, 157. 

Quadrant ELfxrmoMETER, Henley's, 
11», 151; Sir Wm. Thomson's, 175.. 

BBrTTLSiON. magnetic, 46; electrical-, 80: 
only fVLve test for magnet, 7; of 
free electricity, 89. 

Pesidual charge, 184. 

Ilesinoa" electricity, 85. 

Resistance, heat produced by. 224. 

Ketum stroke (shock) 194, 195. 

Rererser, current^ 226. 

Rhnmbs, 58. 

Hnbbed and nnrnbbed bodies, 86-80. 

Bubber, The, 189. 

Safett dnring thnnderstorm, 192. 

Saturation, point of, 81. 

Secular ▼ariation, 61; 

SeiMtrate touch, 84. 

Separation, electrical, 81, 213; Voltaic. 

205. 
Shape, influence of, on distribution of 

free electricity, 155. 
Shock, electric, 185; return, 194, 195. 
Simple Voltaic couple, 197. 
Single touch. 33. 
Spark, electric, 188, 189 ; Voltaic, 4, 

200, 212. 



Solenoid. 225. 

South-seeking pol^. 52, 60. 

Statical electricity, 79, 205. 

Sto,m]s, magnetic (perturbations), 64. 

Subtraction, theory of electric charg- 



ing, 148. 
Eers( 



Snlzer^ experiment, 199. 

Surface, effect on electrical state, 99 : 
on charge, 151, 152 ; on distribu- 
tion, 156, 167. 

Table of conductors, 93 ; positive and 

Telegraph, electric, 226. 
negative bodies, 98. 

Tension of electricity, 154; Voltaio. 
205. ' 

Terrestial, magnetism, 62-72; induc- 
tion, 129. 

Theory of, condenser, 162 ; magnetic 
fluids, 26-28 ; electric fluids, 103- 
106; action of electrical machines, 
143-145;electrophorus, 184; Volta's, 
of contact, 209, 219; of process of 
charging by communication, 146. 

Thomson^ quadrant electrometer, 174. 

Thunder, 190. 

Torsion balance, measurement of mag- 
netic force by, 61. 

Torsion electrometer, 120. 

Unit jar, 182. 
Universal discharger, 179. 
Uurubbed and rubbed bodies, 86-88. 

Vartatiok (declination), 61-64. 

Vitreous electricity, 84. 

Voltaic couple or element, 197, 207, 

208. 
Voltaic electricity, difference ^, from 

f fictional, 216. 
Voltaic electricity, history of, 196 ; 

current, 197, 198, 204: fundamental 

experiments in, 198; ))ile, 200. 
Voltameter, Faraday's, 4, 211. 
Volta's condensing electroscope, 168: 

experiment, 219. 

Water, elsctrifled. 172, 185. 
Winter's plate machine, 148. 

ZiNO plate, 198, 201. 
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